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& Qol and process for retarding fluid flow. 

® A gel-forming composition Is provided comprising a first 
substance selected from the group consisting of a polyvinyl al- 
cohol, a polyvinyl alcohol copolymer, and mixtures thereof, 
with an aldehyde operable for crossilnking with the first sub- 
stance, and water. The gel-forming composition is useful for 
fling voids in prorous substances and for retarding the flow of 
fluids In high permeability channels in an oil reservoir. Such 
method Is particularly useful In waterflood operations to in- 
crease the sweep efficiency of the oil recovery process. Since 
these gels have very good stability at elevated temperature 
they can be used in reservoirs having an average In situ tem- 
perature of 80°C or higher. 
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Description 



CKL AND PROCESS FOR RETARDING FLUID FtXIW 



Technical Field 

This Invention relates to gels, methods of forming gel., and uses for 
gels. A polyvinyl alcohol based-aldehyde hydrogel, or gel. Is provided 
which Is useful for immobilizing large volumes of esrth or water. The 
gel can be used for reducing the perme.bility of soils and subterranean 
formations to the flow of various fluids Including waters or brines, 
.tea. and carbon dioxide. The gel. of this invention are particularly 
valuable in retarding the flow of fluid., water, or brine, in hydrocarbon 
production from a wellbore, or froa solar ponds. 
Background of the Invention 

The recovery of hydrocarbons, both liquid and gaseous, from 
subterranean zones has frequently resulted in the simultaneous production 
of large quantities of water or brines. In .one cases, even though 

not economical. Therefore it is desirable to find a way to reduce or 
•hut off the flow of water while permitting hydrocarbon production to 
continue • 

One such method of reducing the flow of water ha. been de.cribed in 
U.S. Patent Ho. 3.762.476 wherein a first aqueou. polymer .olution 
selected fro. the group consisting of poly.cryl.mide. « p.rtially 
hydrolyzed poly.cryl.mide , . poly..ccharide, a crboxymethylcellulose. . 
polyvinyl alcohol, and polystyrene sulfonate, is injected into a 
aubterranean formation Thereafter, a complexing ionic solution of 
multivalent cations and retarding anions, and which also co-prises 
aluminum citrate, is injected into the subterranean form.tion. The 
complexing ionic solution of multivalent cations and retarding anions is 
capable of gelling both the first and second aqueous polymer .olution. 

U.S. P«tent Ho. 4,098,337 di.do.e. . method for forming a bydro- 
xyethylated polyacrylamide gel, in .itu, to reduce the permeability of a 
thualy treated zone where the waterflood method of oil recovery i. 
employed. In this case the gel was formed in situ by the injection of an 
.queous poly.crylamlde solution and .n aqueous formaldehyde solution. 

In waterflood operations it can be desirsble to trest the water 
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Injector well* with a polymer gel forming solution to control end/or 
redirect the water flow profile* Such treatment can prevent channeling 
of water at the injector well and/or control or redirect the water flow 
through regions of varying permeability* 

Although polyacrylamide-based gels can be effective in retarding 
water production or flow in some subterranean formations, 
- polyacrylaaide-based gels will not be stable or effective in all 
formations* In general, polyacrylamide-based gels will work satisfacto- 
rily in formations having a temperature below about 65*C. Above about 
65*C, polyacrylamide-based gels become very sensitive to hardness of the 
brines, especially where hardness is above about 1000 ppm. The hardness 
of the water becomes a more detrimental factor the higher the temper- 
ature, thus for very hot regions even low hardness levels can render many 
gels ineffective* Formations which have a higher temperature, hardness, 
or total dissolved solids content above the aforementioned ranges usually 
are not capable of being successfully treated with polyacrylamide-based 
polymers to retard the flow of water. 

Folyacrylamides usually are formulated with a dichromate which is re- 
duced from a valence of plus six to plus three in which state the chromic 
ion then acts as the crqsslinking agent for the polymer. There is grow- 
ing concern that the use of dichromate in formulations for blocking the 
flow of fluids in subterranean formations might pollute aquifers. Thus 
there is a growing desire and need to replace formulations which contain 
dichromates, such as some polyacrylamides and lignosulf onates , with 
formulations which are dichromate free. The gel systems of this in- 
vention are dichromate free* 

In many hydrocarbon producing wellB temperatures of 80°C or higher 
are often encountered. Formation waters frequently have hardnesses which 
exceed 1000 ppm. It is therefore desirable to develop a gel which can be 
used to retard or block the flow of water in subterranean formations 
having a temperature of 65'C or higher, and a water hardness of 1000 ppm 
or higher. 

In other flooding operations, rather than water, other fluids can be 
used* Some fluids which ate used are carbon dioxide and steam. Steam 
injection has significantly Increased oil production in many reservoirs 
but frequently the efficiency of oil recovery is low because of steam 
channeling. Due to density differences between steam and reservoir 
fluids, steam rises to the top of the nonproductive steam reservoir 
overriding the oil body and penetrates the formation thereby creating a 
nonproductive steam channel. For example, in steam drive floods the 
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rejected stem prematurely breaks through the formation and into the 
producing wells In such a manner that the more productive oil-bearing 
parts of the reservoir are short circuited. Steam therefore tends to 
open up channels which did not exist before and many of these channels 
are nonproductive. These nonproductive channels are difficult to plug, 
particularly for long periods of time. Most of the commonly used polymer 
based plugging agents used to plug off vater will degrade at steam 
temperatures and loae their plugging capability within a few daya. The 
more temperature stable plugging agents usually are too viscous to be 
effective in plugging the usually smaller and more difficult to reach 
nonproductive steam channels. Por these reasons, long-term plugging of 
nonproductive steam channels is considered to he very difficult if not 
impossible to achieve. Consequently, a long-term plugging agent stable 
at steam temperatures would be of great benefit to the oil producing 
industry. 

Presently foaming agents are used to divert steam but because of 
their instability at steam temperatures they tend to break down within a 
few days and are no longer effective for preventing steam loss. As a 
result, foam-forming agents usually must be injected once or twice a week 
in order to plug the steam channels and divert the steam into the more 
productive part of the reservoir. Examples of foam-forming agents and 
surfactants used to divert steam are sulfonates of alpha-olef ins , or 
blends thereof such as sodium alkene sulfonate and hydroxy aulfonate, or 
sodium and amino oxyethylene sulfates either with or without admixing 
with carboxymethyl cellulose, or aliphatic sulfonates such as sodium 
dodecylbenzene sulfonate. Carboxymethyl cellulose or "CMC* is thought to 
encapsulate the steam foam and prevents the foaming agent from being 
activated until the CMC thermally degrades. This method was designed to 
permit the foam to penetrate deeper into the formation. Unfortunately 
the method does not appear to be particularly successful and apparently 
produces no better results than the use of the foam agent without CMC. 
Furthermore, the blending of the foaming agent with CMC ostensibly is 
very costly since copious quantities of materials appear to be necessary. 
Unfortunately most of the foaming agents break down at steam temperature 
and are usually only effective for up to about 4 days thereby requiring 
frequent reinjectlon of foaming agents which Is both time consuming and 
costly. 

Lignosulfonates have been proposed as a plugging agent in U.S. Pat. 
No. 4,074,757 but their use, it is believed, has had very limited success 
and relatively very large amounts are believed to be required. Although 
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they for. a permanent gel at high temper aturea , la order to prevent 
serious damage to oil-bearing zones it is believed that it would be 
necessary to Isolate the treatment to the nonproductive steam channels. 
Such isolation obviously is very difficult to achieve. These problems 
S are perhaps part of the reason why lignosulfonates do not seem to be 
widely used. 

Thus there is a need in the oil producing industry for a plugging 
agent which is stable at steam temperature , which la mobile enough to be 
carried into the nonproductive steam channels, and which is sufficiently 
10 compatible with the oil-bearing part of the reservoir that It will not 
seriously damage it. 

Flooding operations using carbon dioxide and other gases as the drive 
fluid frequently experience a loss of drive fluid to nonproductive parts 
of the reservoir because of greater ability of gases to dissipate into 
15 such channel as opposed to liquids. Loss of drive gases in flooding 
operations and in stimulation methods lb more difficult to prevent 
because the flow channels responsible for such losses can be very small 
in diameter or width thereby making it very difficult to fill such 
channels with a blocking agent. 
20 Polyvinyl alcohol gels have been used to protect well casings from 
corrosion. 0.8. Patent Hb. 2,832,414 discloses such a method wherein an 
aqueous solution of a water soluble polyvinyl alcohol which la capable of 
forming a gel If maintained in a quiescent state, is pumped into the 
annular space between the casing and the wall of the bore hole. After 
25 allowing the polymer to remain quiescent over a period of time a gel is 
formed. The thusly formed gel prevents the intrusion of formation water 
' into the annular spsce thereby reducing corrosion of the metal casing. 
Bo crosslinking agent is employed and for that reason is not believed 
that this particular gel would be useful for plugging channels or 
30 fractures on a permanent bases. 

Studies of the macroscopic changes in polyvinyl acetate gels that 
occur upon removal from swelling equilibrium with isopropyl alcohol were 
reported in the Journal of Colloid and Interface Science, Vol. 90, Ho. 1, 
November 1982, pages 34 to 43. These studies were conducted using films' 
of gels having various degrees of crosslinking and polymer concentration. 
The polyvinyl acetate gels were formed from precursor polyvinyl alcohol 
gels that were crosslinks with glutaric dlaldehyde which were then 
converted to acetate gels by polymer homologous acetylation. 

U.S. Patent No. 3,265,657 discloses a process for preparing an aque- 
ous polyvinyl alcohol composition, which remains fluid for at least a few 
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seconds after preparation and spontaneously gels thereafter. The gel is 
formed by contacting a gelable fluid aqueous polyvinyl alcohol solution 
with a hexavalent chromium compound and a reductive agent to convert 
Cr(VX) to Cr(IIl). The compos it ions are used to produce foams suitable 
8 as insulating, acoustical, and packaging materials. The gels are 
cross linked with chromium, not an aldehyde. 

U.S. Patent Ho. 3,658,745 discloses a hydrogel which is capable of 
significant expansion upon cooling in mater and reversible shrinking upon 
heating which comprises a crossllnked acetalated hydrogel formed by 
10 reacting a polyvinyl alcohol previously dissolved in water and a monalde- 
hyde and a dlaldehyde. Apparently a major amouujt of shrinkage of these 
gels occurs upon slight heating such as from 12 to 37 *C which Indicates 
that these gels would have little value for blocking water in 
subterranean formations, especially at temperatures of 37 °C or higher. 

15 Summary of the Invention 

By the term "aldehyde" as used herein is meant a monoaldehyde, a 
dlaldehyde, a polyaldehyde, and any of the former whether substituted or 
unsubstltuted. Preferably the aldehyde contains two functional groups 
such as dlaldehyde or a substituted monoaldehyde as used herein is meant 

20 to Include unsaturated carbon-carbon bond as well as substitution of 

functional groups. Nonlimiting examples of substituted monoaldehyde are 
acrolein and acrolein dimethylacetal. Polyaldehydes can be used and may 
in some cases be more desirable, however, polyaldehydes are not as 
available commercially as dialdehydes and as a consequence use of 

28 polyaldehydes may not be practical. 

Non-limiting examples of dlaldehyde crosslinking agents are glyoxal, 
malonaldehyde, sucdnaldehyde, glutaraldehyde, adlpaldehyde , 
terephthaldehyde. Non-limiting examples of dlaldehyde derivatives are 
glyoxal bisulfite addition compound 

30 Na2.HC(0H)S0 3 CH(0H)S0 3 , 

glyoxal trlmerlc dihydrate, malonaldehyde bisdlmethylacetal , 
2,5-dlaethoxytetrahydrofuran, 3,4-dihydro-2-methoxy-2H-pyran, and 
furfural. Ace tale, hemiacetals, cyclic acetals, bisulfite addition 
compounds, shiff's bases or other compounds which generate dialdehydes in 

35 water, either alone or in response to an additional agent such as an acid 
or a condition such as heat are also meant to be Included in the term 
"aldehyde" as used and claimed herein. 

Non-limiting examples of monoaldehyde with a second functional group 
in addition to the aldehyde group are acrolein and acrolein 

<!0 dimethylacetal. 
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Ron-limiting examples of polyaldehydes are polyacrolein 
dlmethylacetal, addition products of acrolein for example, ethylene 
glycol plus acrolein, and glycerol plus acrolein. 

By the term "acidic catalyst" or "crosslinking catalyzing substance" 
as used herein is meant a substance which is a proton donor or a 
substance which in its environment will form or become a proton donor. 
All acids are operable as an acidic catalyst in the gel systems described 
herein, for example, Bronsted acids such as mineral and carboxylic acids, 
or Levis acids. Non-limiting examples of a Levis acid are sine chloride, 
ferrous chloride, stannous chloride, aluminum chloride, barium fluoride, 
and sulfur trloxlde. Some of these chemicals hydrolyse in water to 
produce metal oxides or hydroxides and HC1 or HF. The rate of hydrolysis 
of many Lewis acids is dependent on temperature and the other dissolved 
compounds in the solution. The rate of production of the acidic 
catalyst, HC1, from some of the above Levis acids determines the rate of 
gel formation. 

A delayed action catalyst is a substance which is not acidic in and 
of itself, but which generates an acidic catalyst slowly on interaction 
with Vater at the temperature of interest. For example, the rate of 
generation of the add in oil well usage is usually controlled by the 
reservoir temperature experienced during the in- situ gel formation. In 
many applications the rate of acidic catalyst generation or release can 
be controlled by the gel-forming fluid formulation to range from a few 
minutes to a few days or more. 

In one embodiment of this invention the acid catalyst can be a two 
component system, for example, a two component delayed action catalyst 
can comprise a first component which will react with a second component, 
to form an acidic catalyst. A non-limiting example of such a two 
component delayed action catalyst is sodium persulfate and a reducing 
agent. In such a delayed catalyst system the sodium persulfate reacts 
with the reducing agent to produce sulfuric scid. In another two com- 
ponent delayed action catalyst system the reaction product of the two 
components can react with water to form the acidic catalyst. 

The acidic catalyst and/or delayed action catalyst must, of course, 
have some solubility in water. However, in some oil field usages the 
partial solubility of the acidic catalyst in the oil product can be 
advantageous if treatment is to include subterranean zones containing 
both oil and water. The fraction of the acidic catalyst or delayed 
action catalyst which dissolutes in oil will, of course, not be available 
to catalyze the gel formation reaction in such zones of high oil content; 
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consequently such oil-water zones will not be blocked by gel formation to 
the seme extent as those zones with little or no oil present. 

Non-limiting examples of delayed action catalysts are methyl formate , 
ethyl formate, methyl acetate, ethyl acetate, glycerol monoacetate or 
acetin and glycerol diacetate or dlacetln. 

Laboratory tests conducted on core samples have shown that diacetin 
hydrolysis more slowly than methyl formate at all temperatures including 
the higher temperatures. Therefore, where subterranenan formations 
having higher temperatures are encountered, diactin or acetin because of 
their slower rate of hydrolysis are used to provide a longer time for 
crossllnking reactions to occur and hence provide a longer time for the 
gelling forming fluids to penetrate into the pores of such subterranean 
zones before gelation occurs. Non-limiting examples of delayed action 
catalyst and their acidic catalyst product are: 

Delayed Action Catalyst Acidic Catalyst Product 

Hethyl formate For mic acid 

Glycerol diacetate Acetic acid 

Sodium persulf ate Sulfuric acid 

Sodium dodecyl sulfate Sulfuric add 

Kethyl methane sulfonate Hethylsulf onic add 

Sodium triiodide/sodium Hydroiodic add 

blsulfate/water 

Therefore, delayed action acidic catalysts can be esters which slowly 
hydrolyze in water, the rate of hydrolysis being dependent on temperature 
and idtial pH. Other delayed action catalysts are the analogs of esters 
and acids such as sulfones, xanthates, xanthic acids, thiocyanatee, and 
the like. In some of these examples, hydrolysis produces an acidic 
catalyst which speeds the crossllnking reaction and an alcohol which does 
not affect gel formation* An example of a delayed action acidic catalyst 
is methyl formate which is influenced by the environment with respect to 
the rate of formation of acid. For example, the higher the temperature, 
the faster methyl formate will hydrolyze and generate formic add. 

By the term "Bronsted add" as used herein.is meant a chemical which 
can act as a source of protons. By the term "Lewis add" as used herein 
is meant a chemical that can accept an electron pair from a base. By the 
term "delayed action add" as used herein is meant any addle catalyBt 
which makes avdlable or generates donor proton over a period of time or 
after an initial period of time either as a consequence of its character- 
istic or the characteristics of the environment in which it is used. 
By the term "gel" as used herein is meant a chemically crosslinked 
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three-dimensional elastic network of long-chain molecules with a certain 
aaount of immobilized solvent (diluent) Molecules. 

By the ten "PVA based substance" or "PVA" (frequently referred to 
herein as the "first substance") Is Be ant long-chain molecules selected 
fro» the group consisting of polyvinyl alcohols, polyvinyl alcohol co- 
polymers, and mixtures thereof. 

By the term "PVA-aldehyde gel" as used herein Is meant a chemically 
crosslinked three-dimensional elastic network of long-chain molecules 
selected from the group consisting of s polyvinyl alcohol, a polyvinyl 
alcohol copolymer, and mixtures thereof, crosslinked with an aldehyde, 
snd containing a certain amount of Immobilized and chemically bound water 
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By the term "PVA-glutaraldehyde gels" as used herein is meant a 
c h emica l ly three-dimensional elastic network of various PVA based 
15 i substances crosslinked with glutaraldehyde, and containing a certain 
of immobilized and chemically bound water molecules. 
By the term "polyvinyl aldehyde" or "PV aldehyde" as used herein is 
tt en aldehyde produced from a polyvinyl alcohol, a polyvinyl 
copolymer, and mixtures thereof. In some embodiments the PV aldehyde is 
produced by oxidation of the first substance, that is the same PVA com- 
position as the PVA composition from which the PV aldehyde was produced. 
In some embodiments the PV aldehyde also contains some hydroxyl groups 
which have not been oxidized to aldo groups. 

By the term "PVA-PV aldehyde gel" as used herein is meant a 
25 chemically crosslinked three-dimensional elastic network of long-chain 
molecules selected from the group consisting of a polyvinyl alcohol, a 
polyvinyl copolymer, and mixtures thereof, crosslinked with a polyvinyl 
aldehyde, and containing a certain amount of immobilized and chemically 
bound water molecules. 
30 All of the above mentioned addle catalysts are effective cross- 
linking catalyzing substances for the various PVA-aldehyde gel systems 
described herein. 

Son-limiting examples of polyvinyl alcohol copolymers are polyvinyl 
alcohol-co-crotonic acid, polyvinyl alcohol-co-acryllc acid, polyvinyl 
alcohol-co-methacrylic acid, polyvinyl alcohol-co-vinylpyridine, and 
polyvinyl alcohol-co-vlnylacetate, the latter of which is frequently 
present in small amounts in commercial grade polyvinyl alcohols. 

There Is provided by this invention a gel formed by reacting, in the 
presence of an acidic catalyst, a first substance selected from the group 
consisting of polyvinyl alcohol, a polyvinyl alcohol copolymer, and mlx- 
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ture* thereof, with a second substance comprising an aldehyde, and water, 
wherein such water provided at least about 64X of the weight of the gel. 
The water can be provided as a brine. In one embodiment the brine pro- 
vides at least about 91X of the weight of the gel. In one embodiment 
S where the water Is relatively salt free the water provides at least about 
95X of the weight of the gel. In another embodiment such water provides 
at least about 96X, or at least about 972 f or at least about 982, or 
about 992 of the weight of the gel. 

There la also provided by one embodiment of this invention a gel 
10 formed by reacting, In the presence of an addle catalyst, a first sub- 
stance having crossllnkable sites selected from the group consisting of 
polyvinyl alcohol, polyvinyl alcohol copolymer, and mixtures thereof; a 
second substance comprising an aldehyde, the amount of the aldehyde being 
adjusted so that stolchlometrlcally no more than about 82 of the cross- 
15 linkable sites of the first substance can be crossllnked with the alde- 
hyde; and water. In one embodiment the amount of said aldehyde Is 
adjusted so that stolchlometrlcally no more than about 42, or no more 
than about 22, or no more than about IX, of the crossllnkable sites of 
the first substance can be crossllnked with the aldehyde. 
20 In preferred embodiments of the gels, the aldehyde la dlaldehyde. In 

a further embodiment the dlaldehyde la selected from the group consisting 
of glyoxal, malonaldehyde, succlnaldehyde, glutaraldehyde , adlpaldehyde 
and mixtures thereof. 

In other embodiments of the gels the amount of the aldehyde Is from 
25 about 0.005 to about 4 «0X of the weight of the gel. 

In other embodiments the water used to form the gels has a pH between 
about 2 and less than 7. In one embodiment, the water used to form the 
gel has a pH between about 2 and about 5, and preferably between about 
2.5 and about 4.5. Embodiments having pH outside these ranges are, how- 
30 ever, preferred in some embodiments of this invention as will be de- 
scribed later herein. In some embodiments the aldehyde of the above gels 
is at least about 50Xwt malonaldehyde and in other embodiments the alde- 
hyde Is at least about 50Xwt glutaraldehyde. 

In other embodiments of the above described gels the first substance 
35 is selected from the group consisting of polyvinyl alcohol, a polyvinyl 
alcohol copolymer, and mixtures thereof, which has an average molecular 
weight of at least about 100,000. 

In other embodiments the amount of the first substance is from about 
0.1 to about 5X of the weight of the gel. 
qO In other embodiments of the gels of this invent ion , the gel is 
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treated with a basic substance, and preferably such treatment neutralises 
the gel and/or acidic catalyst used to fora the gel, or the laaedlate 
environment In which the gel Is utilised. 

In some embodiments of this Invention the polyvinyl alcohols and/or 
polyvinyl alcohol copolymers of the above described gels are croa Blinked 
with aldehydes to form hydrogels containing from about 93 to 981 water. 
Embodiments of this invention using brines instead of water can have aa 
little as about 64Z water,, are particularly useful in highly alkaline en- 
vironments and are more fully discussed later herein. 

This invention also provides for a method of forming, in situ, a gel 
In a subterranean sone comprising introducing an aqueous solution which 
comprises s first substance selected from the group consisting of poly- 
vinyl alcohol, polyvinyl alcohol copolymer, and mixtures thereof, Into 
voids of a subterranean zone; Introducing a second substance comprising 
an aldehyde into the voids; and forming a gel in the voids by the re- 
action of the first substance with the aldehydes in the presence of an 
acidic catalyst. 

There Is also provided by this Invention a method of forming, in situ 
a gel in a subterranean sone comprising introducing an aqueous solution 
which comprises a first substance selected from the group consisting of 
polyvinyl alcohol, polyvinyl alcohol copolymer, and mixtures thereof into 
voids of a subterranean zone; introducing a second substance comprising 
an aldehyde into the voids; introducing an addle catalyst into the 
voids; end forming a gel in said voids by the reaction of the first sub- 
stance with the second substance in the presence of the acidic catalyst. 

In some embodiments of the above described methods, the aqueous 
solution has a pH between about 2 and about 5, and In preferred embodi- 
ments the pH is between about 2.5 and about 4.5. Acidic pH'a outside 
these ranges can be used; however, the rate can be too fast or too slow 
for some applications. Nonetheless, some important embodiments of this 
invention do require acidic pH's outside these ranges and such embodi- 
ments ere more fully described later herein. 

In further embodiments the acidic catalyst is a Bronsted acid and in 
other embodiments the acidic catalyst is a Lewis acid. In other embodi- 
ments the acidic catalyst Is a delayed action catalyst. In still further 
embodiments of the above described methods the aqueous solution and the 
second substance are introduced into the voids in one time period and the 
acidic catalyst is introduced into the voids in another time period which 
is different from the first mentioned time period. In other embodiments 
of such methods the aqueous solution Is introduced into the voids in one 
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tine period, and the second substance end the acidic catalyst ere intro- 
duced into the void* in another tlae period which la different then the 
first mentioned tine period. In etill alternate embodiments of euch 
aethoda the equeoua eolation, the second substance, and the ecldlc 
catalyst are mixed together before Introducing then into the voids. In 
still other embodlmente of such methods the acidic catalyst la a delayed 
action catalyst. 

Thia invention also provides for a process for retarding the flow of 
fluid in a subterranean zone comprising treating a subterranean sone with 
an effective amount of e gel operable for retarding the flow of fluid in 
the sone, the gel In the presence of an addle catalyst being foraable 
from an aqueous solution comprising a first substance selected from the 
group consisting of polyvinyl alcohol, a polyvinyl alcohol copolyi»r, and 
matures thereof, and a second substance comprising an aldehyde. 

There la also provided by thie invention a process for retarding the 
flow of fluid in a subterranean sone comprising treating the zone with an 
effective amount of a gel under conditions which are operable for retard- 
ing the flow of fluid in the zone, the gel being formed under ecldlc 
condition, by reacting an aqueous solution comprising a first substance 
20 aelected from the group consisting of polyvinyl alcohol, a polyvinyl 

alcohol copolymer, end mixtures thereof, and a second aubstanee compris- 
ing an aldehyde, and allowing the aqueous solution end the aldehyde to 
react In the zone in the presence of the acidic catalyst to form a gel In 
the zone which la effective for retarding the flow of fluid in the zone. 
28 in atiU another embodiment there is provided a process for improving 

the production of hydrocarbons and retarding the production of water from 
the subterranean hydrocarbon-producing zone conprising treetlng e sub- 
terranean water-conveying zone which is in water communication with a 
subterranean hydrocarbon-producing zone with an effective amount of a gel 
30 operable for retarding the flow of water in the aubterranean water- 
conveying zone, the gel being formed, in the presence of an acidic 
catalyst, by reacting an aqueous solution comprising e first substance 
selected from the group consisting of polyvinyl alcohol, a polyvinyl 
alcohol copolymer, and mixtures thereof, and e second substance com- 
35 prising an aldehyde. This particular embodiment further comprises allow- 
ing the aqueous solution and the aldehyde to reect in the aubterranean 
water-conveying zone to form a gel In such zone which is opereble for re- 
tarding the flow of water in such zone and retarding the production of 
weter from the hydrocarbon-producing zone, and producing hydrocarbons and 
40 reterding the production of water from the subterranean hydrocarbon- 
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producing zone. 

The above described processes for retarding the flow of fluids in 
subterranean cones can be practiced with all of the above described gels 
provided by this invention. 

Where the gels of this invention are used to retard or blodk the flow 
of nonhydrocarbon fluids associated with the production of hydrocarbons 
from wells it is preferable to form the gel from as high a molecular 
weight polyvinyl alcohol or polyvinyl alcohol copolymer as practical, to 
crosslink with a dialdehyde having as long a chain of carbon atoms as 
practical, for form as few crosslinks as necessary to hold the gel 
together, and to maximize the amount of water used to form the gel. For 
iple, where the gel meets one or more of the following specifications: 
The average molecular weight of the polyvinyl alcohol or a 
copolymer thereof is at least about 100,000. 
The polyvinyl alcohol or copolymer thereof provides about 0.5 
to about SZ of the weight of the gel. 

The aldehyde is a dialdehyde selected from the group consisting 
of glyoxal, malonaldehyde, succinaldehyde, glutaraldehyde, 
adipaldehyde, and mixtures thereof. 
20 The aldehyde provides about 0.005 to about 41 of the weight of 

the gel. 

The water of the gel-forming composition provides about 64X or 
more of the weight of the gel. Such water can be provided by 
reservoir brine which can provide at least about 91Z of the 
5 weight of the gel. 

Gels meeting one or more of the above described specifications are 
stretchable, elastic and relatively stable in high temperature formation 
having high water harness levels. 

A general description of certain gels developed for certain specific 
I applications is discussed next. 

In reservoirs having a highly alkaline brine, such as those with a 
high clay content, it is not possible to form a gel from a composition 
which requires a highly acidic pH condition; for example, a pH of about 5 
or lower, for crosslinking. In such highly alkaline reservoirs continual 
alkaline brine infusion into the gel-forming composition simply prevents 
the composition from maintaining a low pH. It therefore is desirable to 
have a gel-forming composition which can be gelled within useful gel 
times in alkaline reservoirs and with alkaline brines. There is even a 
greater need for such gel-forming compositions which produce stable gels 
for long periods of time at elevated temperatures. 
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It has been discovered that improved gelt can be produced which are 
•table and effective in alkaline reservoirs which are at elevated temper- 
atures by using a high concentration of glutaraldehyde as the cross* 
linking agent for forming the gel. These gels have a great advantage 

6 over the other broadly above described PVA-aldefayde gels in that these 
gels can be formed from gel-forming compositions under weakly acidic 
conditions. This characteristic of these specific gel-forming 
compositions permit them to be used in reservoirs which contain sub- 
stantial amounts of alkaline materials. Including carbonates. It has 

10 been found that by using a high concentration of glutaraldehyde , the pH 
of the gel-forming composition can be maintained from greater than about 
5 to less than 7 and a stable gel can still be produced at elevated 
temperatures. It has also been discovered, that in mildly alkaline 
reservoirs, that by using a relatively high concentration of glutar- 

15 aldehyde that a separately provided acidic catalyst or crossllnking 
catalyzing substance is not required. This discovery therefore offers 
another very distinct advantage over other OTA aldehyde gel systems in 
that it permits our gel-forming composition to penetrate in-depth, i.e., 
to relatively greater distances from the wellbore before the gel sets 

20 than would be possible in gel systems which must be promoted under more 
strongly acidic conditions. It has been discovered that the higher 
glutaraldehyde concentration somehow continuously produces and maintains 
a slightly or weakly acidic condition as the gel-forming composition 
begins to set. This phenomena permits these specific gel-forming 

25 composition to penetrate greater distances into the formation thereby 
enabling these gels to block the flow of fluids in subterranean 
formations for longer periods of time after treatment. Accordingly, 
there is provided a process for retarding the flow of fluid in a 
subterranean formation comprising Introducing an effective amount of a 

30 gel-forming composition into a subterranean formation, the gel-forming 

composition being operable when gelled in the formation for retarding the 
flow of fluid therein, the gel-forming composition comprising (i.) an 
aqueous solution comprising a PVA based substance or first substance 
selected from the group consisting of polyvinyl alcohol, a polyvinyl 

35 alcohol copolymer, and mixtures thereof, and (ii.) an amount of glutar- 
aldehyde which is operable for promoting crossllnking of the first 
substance and glutaraldehyde under weakly acidic conditions; and allowing 
the gel-forming composition to form a gel in the subterranean formation 
which is effective for retarding the flow of fluid therein. In a further 

40 embodiment the weakly acidic condition is such that the pH of the gel- 
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forming composition la greater than about 3 but less than 7. In a 
further embodiment wherein the subterranean f oration has a reservoir 
brine having a pH higher than 7, further comprises the steps of 
recovering a predetermined amount of the reservoir brine and adjusting 
5 the pH thereof to a value from greater than about 5 to less than 7 to 
form an adjusted brine, and using the thusly adjusted pB brine as a 
solvent for the FVA based substance thereby forming the aqueous solution. 
In a further embodiment, other than glutaraldehyde and acidic products 
produced in said gel-forming composition from the glutaraldehyde 9 the 
10 gel-forming composition Is substantially free of effective amounts of 
crosslinking catalyzing substances which are operable for promoting a 
crosslinking reaction between the first substance and glutaraldehyde; and 
wherein the gel is formed in the subterranean formation without 
contacting the gel-forming composition with any additional effective 
15 amounts of a crosslinking catalyzing substance. 

In another embodiment the amount of glutaraldehyde is operable for 
causing the gel-forming composition to gel in the subterranean formation 
In a period of time from about one half to about three days after intro- 
ducing the gel-forming composition Into the subterranean formation. In a 
20 further embodiment the amount of glutaraldehyde la such that the gelling 
time in the subterranean formation is from about one to about two days. 

In one embodiment the amount of glutaraldehyde Is at least about 0.15 
weight percent of the gel-forming composition. In another embodiment the 
amount of glutaraldehyde is from about 0.15 to about 4, preferably from 
25 about 0,5 to about 2 weight percent of the gel-forming composition. In 
still another embodiment the amount of glutaraldehyde is more than about 
8 percent of the stoichiometric amount to react with all the cross- 
linkable sites of the first substance. In still another embodiment the 
amount of the glutaraldehyde is sufficient to maintain the pH of the 
30 gel- forming composition acidic and at least greater than about 5.0, 
although in some embodiments a pH from about 5.5 to about 6.5 is 
preferred for greater in-depth treatment. 

In one embodiment the gel-forming composition is at least about 64 
weight percent water. In an alternate embodiment, the gel-forming 
35 composition is at least about 91 weight percent brine. 

In a further emobidiment the process comprises preventing the 
introduction into the subterranean formation of an effective amount of a 
crosslinking catalyzing substance which is not glutaraldehyde under 
conditions which are operable for causing substantial contacting of the 
H0 crosslinking catalyzing substance with the gel-forming composition, 
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wherein the cros slinking catalyzing eubstanca la operable for promoting a 
cr os slinking reaction between the first substance and glutaraldehyde. 

la still another embodiment , wherein the subterranean formation 
comprises a substantial amount of a basic material which when contacting 

5 the gel-forming composition will Increase the pH thereof 9 the amount of 
glutaraldehyde in the gel-forming composition is sufficient to maintain 
the acidity of the gel-forming composition, after its introduction into 
the subterranean formation, at a pB of from about 5*5 to about 6.3. 
Another embodiment, wherein the subterranean formation also comprises 

10 substantial amounts of basic materials which can Increase the pH of the 
gel-forming composition to a value of 7 or more, further comprises 
contacting the subterranean formation with an effective amount of an 
acidic substance sufficient to neutralise the basic materials to such an 
extent that when the gel-forming composition Is introduced into the 

IS subterranean formation the basic materials will not be capable of 

increasing the pH of the gel-forming composition to 7 or higher before 
the gel-forming composition forms a gel in the subterranean formation. 

The process Is particularly useful where the subterranean formation 
is a hydrocarbon-producing formation* Accordingly, a further embodiment 

20 comprises recovering oil from the formation. The process Is especially 
useful in a secondary oil recovery operation. In one embodiment the 
fluid which is retarded Is water and in a further embodiment oil is 
recovered by water flooding. 

In another embodiment the first substance has an average molecular 

25 weight of at least about 30,000 and preferably at least about 100,000. 
In a preferred embodiment the first substance is polyvinyl alcohol. 

In an embodiment In which the subterranean formation also has a low 
permeability porous structure which is at least partly plugged with flow 
inhibiting deposits which are soluble in acids, such deposits retarding 

30 the flow of fluids in the subterranean formation, the process further 

comprises the step of introducing an acid effective for dissolving such 
deposits into the subterranean formation after forming the gel therein 
from the gel-forming composition. 

There is also provided a gel formed from a gel-forming' composition 

35 comprising 

1. a first substance selected from the group consisting of poly- 
vinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 

11. an amount of glutaraldehyde sufficient to crosslink with said 
first substance, and 
<I0 ill. an amount of water sufficient to provide at least about 64Z of 
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the weight of the gel-forming composition, and wherein the water has 
sufficient acidity to cause the gel-forming composition to have a pH from 
greater than about 5 to less than 7. In a further embodiment, except for 
the glutaraldehyde, the gel-forming composition is substsntially free of 
S effective amounts of crosslinking catalysing substances which are 
operable for promoting substantial crosslinking reaction between the 
first substance and glutaraldehyde. 

In another embodiment the amount of glutaraldehyde is operable for 
causing the gel-forming composition, when maintained at a predetermined 
10 temperature, to gel in a period of time from about one half to about 
three days after the' gel-forming composition is formed. In a further 
embodiment the amount of glutaraldehyde is such that the gelling time at 
the predetermined temperature is from about one to about two days. 

In yet another embodiment, the amount of glutaraldehyde is from about 
0.15 to about 4, preferably about 2X, of the weight of the gel-forming 
composition. 

in still another embodiment the water of the gel-forming composition 
Is contained in a brine and the brine provides at least about 91 percent 
of the weight of the gel-forming composition. 

In another embodiment the first substance is polyvinyl alcohol. 
Preferably the polyvinyl alcohol has an average molecular weight of at 
least about 30,000 and provides about 1.5 to less than about 5Z of the 
weight of the gel-forming composition, it is especially preferred that 
the average molecular weight of the first substance or the polyvinyl 
25 alcohol be at least about 100,000. It is also especially preferred that 
the first substance or polyvinyl alcohol provide about 2.5* of the weight 
of the gel-forming composition. 

Accordingly, in one embodiment for retarding the flow of fluids where 
the subterranean formation does not have substantial amounts of basic 
materials, there Is no requirement that an acidic catalyst or delayed 
action catalyst be provided or added to the gel-forming composition, or 
be separately provided to the subterranean formation in order for the gel 
to form therein. The gel-forming composition is maintained In a slightly 
acidic condition by the increased concentration of glutaraldehyde when 
35 the mixture is maintained at a temperature of about 65°C or higher. 
The kinetics of gel formation is also controlled by the 
glutaraldehyde concentration. For example, for a gel time of about 24 
hours, glutaraldehyde concentrations are from about 0.15 to about 2 
percent, depending on the initial p H of the brine, buffers in the brine, 
40 end basic components in the subterranean formation. 
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Some gels produced with high glutaraldehyde concentration tend to be 
less stable in the long run than gels having lower glutaraldehyde 
concentration. We have discovered that the amount of crossllnklng agent, 
i.e., aldehyde and in particular glutaraldehyde, can be reduced by 
preheating the gel-forming composition to an elevated temperature for a 
period of time to effect a predetermined amount of partial crossllnklng 
between the PVA and the aldehyde. After completing such partial 
crossllnklng the gel-forming mixture can be cooled or allowed to cool to 
a lower temperature and still a gel will form within a period of time 
acceptable and useful for gelling in subterranean flow channels. 
However, if the gel-forming composition were not partially crossllnked as 
described above, but merely maintained at the lower temperature, then 
either the gel would not form, or if a gel does form it would take too 
long to form to be of any practical value in subterranean formations. 
Accordingly, there is provided herein an Improved process for retarding 
fluid flow in the channels of a subterranean formation. In particular, 
in a subterranean formation having channels which have a high perme- 
ability to the flow of fluids, a process is provided for retarding fluid 
flow in the channels comprising providing a gel-forming composition which 
when substantially completely gelled in the high permeability channels is 
operable for retarding fluid flow therein, said gel-forming composition 
comprising (i.) an aqueous solution comprising a first substance selected 
from the group consisting of polyvinyl alcohol, a polyvinyl alcohol 
copolymer, and mixtures thereof, and (11.) an effective amount of an 
aldehyde sufficient to form a gel with said aqueous solution when said 
gel-forming composition is acidic; heating at least a part of the 
gel- forming composition to a preheat temperature which is higher than the 
average in situ temperature of the subterranean formation; maintaining 
the gel-forming composition at the preheat temperature for a period of 
time sufficient to effect a predetermined amount of partial crossllnklng 
of the gel-forming composition thereby producing a partially crossllnked 
composition; introducing the partially crossllnked composition into the 
high permeability channels; and allowing the partially crossllnked 
composition to form a gel which is at least substantially .completely 
gelled in the high permeability channels thereby retarding fluid flow in 
the channels. 

In another embodiment the predetermined amount of partial cross- 
linking is sufficient to cause the partially crossllnked composition to 
substantially completely gel in the high permeability channels in a 
predetermined length of time. In one embodiment the predetermined length 
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of time is no greater than about 5 days. In another embodiment the 
predetermined length of tine le at least about 1/2 a day. 

In a further embodiment of the above process Includes the steps 
comprising heating a second part of the gel-forming composition thusly 
provided to a second preheat temperature which Is higher than the average 
In situ temperature of the subterranean formation; maintaining the second 
part of the gel-forming composition at the second temperature for a 
second period of time sufficient to effect a second predetermined amount 
of partial crosslinking of the gel-forming composition which is greater 
than the predetermined amount of partial crosslinking previously effected 
in the first part of the gel-forming composition Introduced into the high 
permeability channels, thereby producing a higher partially croeslinked 
composition; introducing the higher partially crosslinked composition 
into the high permeability channels in back of or after the first 
partially crosslinked compositon; and allowing the higher partially 
crosslinked composition to form a gel which is at least substantially 
completely gelled in the higher permeability channels in back of or after 
the partially crosslinked composition first allowed to form a gel 
therein, thereby further retarding fluid flow in such high permeability 
20 channels. In a further embodiment, the second predetermined amount of 
partial crosslinking is sufficient to cause the higher partially cross- 
linked composition to substantially completely gel in the high 
permeability channels within a second predetermined length of time which 
is less than the first predetermined length of time. In yet a further 
embodiment the first predetermined length of time is no greater than 
about 5 days, and the second predetermined length of time is no greater 
than about 3 days. In still another embodiment, the first predetermined 
length of time in which the first part of the gel composition is gelled 
is at least about 2 days, and the second predetermined length of time in 
which the second part of the gel-forming composition forms a gel is at 
least about 1/2 a day. 

In a further embodiment, the second preheat temperature to which the 
second part of the gel-forming composition is heated is higher than the 
first preheat temperature to which the first part of the gel-forming 
35 composition is heated. In yet another embodiment, the second period of 
time for which the second part of the gel-forming composition is main- 
tained at the second preheat temperature is greater than the period of 
time for which the first part of tlie gel-forming composition is main- 
tained at the first preheat temperature. 

In another embodiment, the PVA based substance or first substance is 
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polyvinyl alcohol and the aldehyde is glutar aldehyde. In a still farther 
embodiment the concentration of glutar aldehyde in the gel-forming 
composition is less than about AX and in yet another embodiment less than 
about 0.7X In another embodiment the molecular weight of the PVA based 
5 substance is at least about 30,000 and in another embodiment at least 
about 100,000. 

In still another embodiment the preheat temperature is at least about 
65 *C. In another embodiment the preheat temperature is at least about 
90 # C, and in yet another embodiment the preheat temperature is at least 

10 about 125*C. 

In another embodiment of the above process, the thusly provided 
gel-forming composition will not form a substantially completely gel 
within about a 5 day period of time in the channels without first being 
heated to an elevated temperature higher than the average in situ 

15 temperature of the subterranean formation for a period of time sufficient 
to effect the predetermined amount of partial crossllnklng of the 
gel-forming composition. In yet another embodiment, the gel formed in 
the channels has a smaller degree of shrinkage after gelation than other 
gels formed in the channels from other gel-forming compositions, wherein 

20 the other gel-forming compositions have the same formulation as the 

gel-forming composition provided by this invention except that the other 
gel-forming compositions have a higher concentration of the aldehyde 
component than the gel-forming composition provided in this invention 
and, further, wherein the higher concentrations of aldehyde in such other 

25 gel-forming compositions are sufficient to form substantially completely 
gelled gels therefrom within a period of time no greater than about 5 
days after being introduced into the channels without being preheated to, 
and maintained for a period of time at, a temperature higher than the 
average in situ temperature of the subterranean formation. In other 

30 words, the gels of this embodiment will not form a gel within 5 days of 
Injection into the channels unless the gel is first preheated for a 
period of time sufficient to form a predetermined amount of crossllnklng , 
whereas similar gels of the same composition, except for the fact that 
they have a higher aldehyde component concentration, will gel without 

35 preheating within a 5 day period of time after Injection, These higher 
aldehyde component gels have a higher degree of shrinkage than the gels 
of this particular embodiment of this invention described herein. 

In yet another embodiment the subterranean formation is an 
oil-bearing formation, and further comprising after allowing the 

HO partially crossllnkcd composition to form a gel in the high permeability 
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channels, subjecting the oil-bearing formation to a waterflood operation 
thereby producing oil. 

It has been found that very stable PVA based-glutaraldehyde-vater 
gels can be made from gel-forming compositions having a low concentration 
of glutaraldehyde. For example, very stable gels have been formed from 
such gel-forming compositions where the glutaraldehyde concentration was 
about 0.5Z by weight. Such low glutaraldehyde gels remain stable for 
longer periods of time at a temperature of 90*C. The difficulty with 
such low glutaraldehyde gel-forming compositions is that they take a very 
long time to gel or in some cases fail to produce a completely gelled 
gel. This disadvantage has been overcome in this invention by preheating 
the gel-forming compositions at an elevated temperature for a period of 
time sufficient to cause a predetermined amount of partial crosslinking 
of the gel-forming composition. After achieving the predetermined amount 
of partial crosslinking, the gel-forming composition is then injected 
into the reservoir where gelation is allowed to proceed to completion. 
The gel-forming composition becomes substantially completely gelled 
within a predetermined length of time which depends on such factors as 
the extent of the partial crosslinking of the composition before 
injection into the subterranean formation, the average in situ 
temperature of the formation, the pB of the gelling mixture when present 
in the flow channels, and the chemistry of the brine. 

By determining the subterranean conditions that the particular gel- 
forming composition of Interest will encounter, the proper amount of 
25 partial crosslinking required to substantially completely gel within a 
desired length of time after being injected Into the formation can be 
determined. The length of time for gelation to occur is a factor In 
determining how far In-depth the gelling composition will penetrate Into 
the formation and block the flow of fluids. Therefore, this invention is 
30 useful for many formations regardleas of the formation temperature 
because it allows a lower amount of aldehyde to be used, thereby pro- 
ducing a more stable gel. For example, In high temperature formations a 
more stable gel can be formed by using a lower glutaraldehyde gel-forming 
composition which has been first partially crosslinked before it's 
injection into the subterranean formation. In low temperature formation, 
similar Improved gels can be formed by providing a greater amount of 
partial crosslinking before Injection. 

In one embodiment, the gelling composition is partially crosslinked 
to such an extent that upon injection it will pcietrate into the 
subterranean formation for about 4 days before completely gelling. This 
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Is followed with a second slug of gelling composition which has been 
partially crosslinked to a greater extent so that it will penetrate into 
the formation for about 3 days before completely gelling* Thus the 
second slug can be followed by a third slug of gelling composition which 

5 has been partially crosslinked to a still greater extent so that it will 
penetrate into the formation about 2 days before completely gelling. The 
third slug will form in the channels in back of or after the second slug. 
The process can be repeated with each succeeding slug of gelling 
composition being partially crosslinked to a greater extent than the 

10 former slug thereby decreasing the time for the composition to completely 
gel. The process permits the gel to be formed at greater distances from 
the wellbore and over greater lengths in the high permeability flow 
channels without the need for continually changing the formulation of the 
gel-forming composition while at the same time allowing the more stable 

15 low aldehyde or low glut ar aldehyde component gels to be placed in such 
channels regardless of the in situ formation temperature. 

In one embodiment, the gelling composition is heated a short time to 
temperatures as high as about 125°G or about 150*C or higher thereby 
enabling the desired amount partial crosslinking to be accomplished 

2q relatively rapidly. 

In yet another embodiment the gel-forming composition is preheated at 
a temperature of at least about 
T p - <T £ + 60°C) / 1.3, 
and preferably to a temperature of at least about 

25 T p - (T £ + 50°C) / 1.2 

where T p is the temperature, in *C, to which the gel-forming composition 
is preheated and maintained for the predetermined period of time to 
effect the predetermined amount of partial crosslinking, and T f is the 
average subterranean formation temperature in °C. 

2Q In still another embodiment, wherein the subterranean formation has a 

reservoir brine having a pH higher than 7, the process further comprises 
recovering a predetermined amount of the reservoir brine and adjusting 
the pH thereof to a value from about 5 to less than 7 , and using the 
adjusted brine as at least a major part of the water of the gel-forming 

35 composition. 

There is also provided a gel formed from a gel-forming composition 
comprising a FVA based substance, an aldehyde operable for crosslinking 
with the FVA based substance when the gel-forming composition is acidic , 
and water, by heating the gel-forming composition to a predetermined 

ifO elevated temperature for a predetermined period of time sufficient to 
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effect a predetermined amount of partial crosslinking of the gel-forming 
composition such that thereafter the gel-forming composition, when 
allowed to cool to a predetermined lower temperature, will form a gel at 
the predetermined lower temperature within a length of time from about 
5 1/2 day to no greater than about 5 days, and wherein the gel-forming 

composition will not form a gel within about 5 days at the predetermined 
lower temperature unless the gel-forming composition Is preheated to the 
predetermined elevated temperature for a length of time at least as long 
as the predetermined period of time. 
10 In a further embodiment the predetermined elevated temperature Is at 

least as high as about 65 *C and the predetermined lower temperature Is no 
greater than about 25°C. In a further embodiment the predetermined 
elevated temperature Is at least as high as about 80°C and the pre- 
determined lower temperature Is no greater than about 50°C. In a still 
15 further embodiment the predetermined elevated temperature Is at least as 
high as about 100°C and the predetermined lower temperature Is no greater 
than about 75 °C. In yet another embodiment the predetermined elevated 
temperature is at least as high as about 125*C and the predetermined 
lower temperature is no greater than about 95°C. In still another 
20 embodiment the predetermined lower temperature is no greater than about 
T L - 1.3 T g - 60°C, 
and preferably no greater than about 

\ - 1-2 T E - 50«C 
where T K and are the predetermined elevated temperature and the 
25 predetermined lower temperature expressed in °C respectively. 
In another embodiment the gel is formed from a gel-forming 
composition having at least about 64 percent of its weight as water. 

In another embodiment the water of the gel-forming composition is 
provided by a brine, and the brine is at least about 91 percent of the 
30 weight of the gel-forming composition. In a further embodiment the brine 
is a re B ervoir brine. In a still further embodiment the brine is a 
reservoir brine with a pH higher than 7 which has been adjusted to a pH 
from about 6 to less than 7. 

In one embodiment the gel is produced from a gel-forming composition 
35 wherein the aldehyde is from about 0.01 to less than about 4% of the 
weight of the gel-forming composition. In another embodiment the 
aldehyde is glutaraldehyde; and in a still further embodiment the amount 
of glutaraldehyde is from 0.03 to less than about 4% of the weight of the 
gel-forming composition. 
i|0 In another embodiment the gel is produced from a gel-forming 
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composition wherein the FVA based substance is from about 1.5 to about 5X 
of the weight of the gel-fomlng composition. In a further embodiment 
the FVA based substance is polyvinyl alcohol. 

As mentioned above, in some hydrocarbon recovery operations carbon 
5 dioxide is frequently injected into the reservoir usually in a flooding 
or stimulation operation. Often it is found that the Injected carbon 
dioxide Is not being efficiently utilised because of loss of carbon 
dioxide to channels referred to as carbon dioxide break through fingers. 
By the expression "carbon dioxide break through fingers'" as used 

10 herein is meant nonproductive reservoir channels having high permeability 
to the flow of carbon dioxide and/or formation brines. In general, the 
fingers permit the carbon dioxide to be channeled into nonproductive 
areas of the reservoir thereby substantially lowering the efficiency of 
the carbon dioxide Injection operation. Such fingers frequently contain 

15 substantial amounts of absorbed carbon dioxide. 

Accordingly, there is also provided a process for retarding the 
flow of carbon dioxide-containing substance selected from the group 
consisting of carbon dioxide, carbonic acid, and mixtures thereof, in 
carbon dioxide break-through fingers In a subterranean formation, the 

20 process comprising introducing an effective amount of a gel-forming 

composition into a subterranean formation! the gel-forming composition 
being operable, when contacting carbon dioxide break-through fingers 
containing brine which has absorbed substantial amounts of carbon 
dioxide, to form a gel in said fingers which is operable for retarding 

25 the flow of said carbon dioxide-containing substance in the fingers, the 
gel-forming composition comprising 

1. an aqueous solution comprising a FVA based substance or 
first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, and mixtures thereof, and 

30 11. an amount of an aldehyde which is operable for effecting 

gelation of the gel-forming composition in the fingers after contacting 
the gel-forming composition with a brine which has absorbed substantial 
amounts of carbon dioxide, but which is Inoperable for effecting gelation 
of the gel-forming composition in flow passages containing, brine which 

35 has not absorbed substantial amounts of carbon dioxide, or which is free 
of effective amounts of crossllnking catalysing substances, and 

ill. wherein, before contacting gel-forming composition with a 
brine containing substantial amount of absorbed carbon dioxide, the 
gel-forming composition is substantially free of effective amounts of 

i)0 crossllnking catalyzing substances which are operable for promoting 
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substantial crosslinklng reactions between the first substance and the 
aldehyde; and allowing the gel-forming composition to contact the brine 
containing substantial amounts of absorbed carbon dioxide and to form a 
5 gel in the fingers of the subterranean formation which is effective for 
retarding the flow of said carbon dioxide-containing substance in the 
fingers. 

In one embodiment the aldehyde is glutaraldehyde. In another 
embodiment the amount of aldehyde is from about 0.01 to about 2 percent 

10 of the weight of the gel-forming composition. In another embodiment, the 
amount of aldehyde is at least about 2% of the stoichiometric amount 
required to react with all of the crosslinkable sites of the first 
substance. In still another embodiment the amount of the aldehyde is not 
sufficient to cause substantially complete gelation of the gel-forming 

15 composition while the acidity of the gel-forming composition is higher 
than a pH of about 6. In yet another embodiment, the amount of aldehyde 
is not sufficient to cause substantially complete gelation of the 
gel-forming composition while the acidity of the gel-forming composition 
is higher than a pH of about 5. 

20 In another embodiment the amount of the PVA based substance is from 

about 1.5 to about 5X of the weight of the gel-forming composition. In a 
preferred embodiment the amount of the first substance is about 2.5% of 
the gel-forming composition and the aldehyde is glutaraldehyde which 
provides about 0.1% of the weight of the gel-forming composition. 

25 . In still another embodiment the gel-forming composition is at least 
about 65 weight percent water. In yet another embodiment the gel-forming 
composition is at least about 93 weight percent brine. In another 
embodiment the first substance has an average molecular weight of at 
least 30,000, preferably at least 100,000. Preferably the first 

30 substance is polyvinyl alcohol. 

In 8 till another embodiment, the process further comprises preventing 
the Introduction into the subterranean formation of an effective amount 
of a crosalinklng catalysing substance under conditions which are 
operable for causing substantial mixing of the crosslinklng catalyzing 

35 substance with the gel-forming composition , wherein the crosslinklng 

catalyzing substance is not a brine which has absorbed carbon dioxide but 
is operable for promoting substantial crosslinklng reactions between the 
first substance and the aldehyde. 

There is also provided 8 gel-forming composition comprising 

i|0 !• * first substance selected from a group consisting of 

polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 
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ii. water, and 

ill. an amount of an aldehyde which la operable for forming a 
gel with the first substance and the water when the acidity of the gel- 
forming composition has a sufficiently low pH, but which is not operable 

5 for forming a gel when the pH is 6 or higher. In a further embodiment 
the gel-forming composition is cause to have such sufficiently low pH by 
contacting it with an effective amount of a reservoir brine having 
effective amounts of absorbed carbon dioxide sufficient for catalyzing t 
in the gel-forming composition, a crossllnklng reaction between the first 

IQ substance and the aldehyde, the gel-forming composition being free of 
effective amounts of crossllnklng catalyzing substances operable for 
promoting a crossllnklng reaction in the gel-forming composition between 
the first substance and the aldehyde. In a further embodiment the 
aldehyde is glutar aldehyde . In another further embodiment the gel- 

lg forming composition will not form a gel when the acidity of the gel- 
forming composition has a pH of 5 or higher. 

In yet another embodiment water is at least about 65 percent of the 
weight of the gel-forming composition. In still another embodiment the 
FVA based substance is from about 1.5 to 5 percent of the weight of the 

20 gel-forming composition. In yet another embodiment the aldehyde is from 
about 0.03 to about 2 percent of the weight of the gel-forming 
composition. In still another embodiment the water is provided by a 
brine, and the brine is at least about 93 percent of the weight of the 
gel-forming composition. In yet another embodiment the amount of the 

2g aldehyde Is at least about 2 percent of the stoichiometric amount 
required to react with all of the crosslinkable sites of the first 
substance. In one embodiment the first substance is polyvinyl alcohol. 
In yet another embodiment, the first substance has an average molecular 
weight of at least 30,000. In a further embodiment the first substance 

3Q has an average molecular weight of at least 100,000. 
There is also provided a gel formed by reacting 

(a) a gel-forming composition comprising a first substance 
selected from the group consisting of polyvinyl alcohol , a polyvinyl 
alcohol copolymer, and mixtures thereof, water , and an amount of an 

35 aldehyde which is operable for forming a gel with the first substance and 
the water when, the acidity of the gel-forming composition has a 
sufficiently low pH, but which is not operable for forming a gel when the 
pK is 6 or higher, with 

(b) an effective amount of carbon dioxide sufficient to lower 
ua the acidity of the gel-forming composition to a pH less then about 6. In 
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a further embodiment the first substance is polyvinyl alcohol having an 
average molecular weight of at least about 30, 000, In yet another 
embodiment the aldehyde is glutaraldehyde. In yet another embodiment 
water is at least about 65 percent of the weight of the gel-forming 
5 composition used to form the gel. 

In general, the gel-forming composition is formulated so that it will 
not gel unless it is in contact with an acidic brine such as that 
occurlng at carbon dioxide break-through points in the subterranean 
formation unless there is also present an effective amount of a cross- 

10 linking catalysing substance* In a further embodiment the gel-forming 
composition will not gel except in channels containing a brine having a 
pH below about 6. Preferably the gel forming composition is formulated 
so that it will not gel in brines having a pH of about 5 or higher. 
These gel formulations, therefore, are designed so that they will not gel 

15 in flow channels containing brines of higher acidic pH's. 

This embodiment is therefore useful in carbon dioxide floods, or 
cyclic carbon dioxide injection, in which the efficiency has been reduced 
due to fingering of carbon dioxide through the reservoir. By forming a 
gel in the carbon dioxide break-through fingers, the efficiency of the 

20 operation is greatly improved. 

This process will also apply to producing wells that are being used 
for carbon dioxide injection for purposes of reducing the viscosity of 
the oil. Absorption of the carbon dioxide by the oil causes the oil to 
swell and thereby lower its viscosity. This oil can then be produced 

25 more easily. Nonetheless, by first blocking those channels or fingers 
which cause a serious loss of carbon dioxide into the nonproducing 
strata, the efficiency of recovering oil by lowering its viscosity 
through carbon dioxide absorption can be greatly increased. 

In one embodiment of this invention which is directed to carbon 

30 dioxide flood operations, it frequently is desirable to treat the carbon 
dioxide injector wells with a polymer gel-forming solution to control the 
carbon dioxide flow profile. In this embodiment such treatment prevents 
nonproductive channeling of carbon dioxide at the injector well and/or \ 
controls and/or redirects carbon dioxide flow through regions of varying 

35 permeability. Since in this embodiment the polymer is injected as a 

relatively low viscosity aqueous phase it penetrates preferentially the 
region of highest permeability. Accordingly, after formation of the gel 
in high permeability regions, such regions are converted to low perme- 
ability to further retard carbon dioxide /carbonic acid flow thereby 

NO causing, upon further carbon dioxide injection, a carbon dioxide sweep of 
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previously inaccessible areas in the formation which usually have rela- 
tively low permeability. By extending the carbon dioxide flow to such 
previously Inaccessible regions , more hydrocarbons can be recovered than 
would be recovered in the absence of such polymer treatment. 
5 Accordingly, one objective of this invention is to provide a means of 

controlling carbon dioxide/carbonic acid flow in the nonproductive parts 
of the reservoir. 

This invention is also concerned with placing a gel-forming 
composition in the nonproductive steam channels of an oil reservoir which 
10 is effective for retarding the flow of steam in such channels. In parti- 
cular, the gel-forming composition comprises PVA based substance, an 
aldehyde operable for crosslinking with the PVA based substance under 
acidic conditions, and water. The water can be supplied by a brine, and 
the water or brine can be acidic. It is convenient to dissolve the PVA 
15 based substance In formation brine and form a premixture which is acidic. 
Then preferably just before injection into the subterranean formation, 
the aldehyde is added to the premixture thereby producing the gel-forming 
mixture. In an alternative embodiment the fresh softened water used to 
produce the injected aWaa can be used to formulate the gel-forming 
20 composition. The PVA-aldehyde-water gels used by this process have much 
superior stability at steam temperature than most foams, are easier to 
place In steam channels than most viscous substances such as tars which 
are stable at steam temperature, and are less damaging to the oil-bearing 
part of the reservoir than lignosulfonates. 
25 Accordingly, in accordance with the principles of this invention, in 

a hydrocarbon recovery operation conducted in a subterranean formation in 
which a loss of steam channels has occurred, there is provided a process 
for reducing steam loss to nonproductive steam channels comprising 
introducing an effective amount of a gel-forming composition into the 
30 subterranean formation and into the nonproductive steam channels, the 
gel-forming composition being operable when gelled in the nonproductive 
steam channels for retarding the flow of steam therein, the gel-forming 
composition comprising 

1. an aqueous solution comprising a first substance selected 
35 from the group consisting of polyvinyl alcohol, a polyvinyl alcohol 
copolymer, and mixtures thereof, and 

ii. an amount of an aldehyde which is operable for effecting, 
under acidic conditions, crosslinking of the first substance and the 
aldehyde in the nonproductive steam channels; and allowing the gel- 
i|0 forming composition, under acidic conditions, to form a gel in the 
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nonproductive steam channels which Is effective for retarding the flow of 
steam In the nonproductive steam channels 9 thereby reducing steam loss to 
nonproductive steam channels upon resumption of a hydrocarbon recovery 
operation. 

5 In one embodiment the gel-forming composition Is Introduced Into the 

subterranean formation simultaneously with steam. In yet another 
embodiment the Introduction of steam Into the subterranean formation Is 
discontinued during the Introduction of the gel-forming composition 
therein. 

10 ln furt & er embodiments of the above described processes comprise the 

step of introducing a foam-forming composition into the subterranean 
formation, and forming a foam in the nonproductive steam channels, prior 
to introducing the gel-forming composition into the subterranean form- 
ation. A still further embodiment comprises mixing the gel-forming 
15 composition with a part of the foam in the nonproductive steam channels 
and forming a gel from the gel-forming composition in the interstices of 
that part of the foam in the nonproductive steam channels. 

In another embodiment, wherein the nonproductive steam channels are 
at a substantially higher temperature than the temperature of the oil- 
20 bearing part of the subterranean formation, the gel-forming composition 
is capable of gelling within a predetermined amount of time if maintained 
at the temperature of the steam channels, but is not capable of 
completely gelling within a predetermined period of time when maintained 
at the temperature of the oil-bearing part of the subterranean formation. 
25 This embodiment is particularly useful where the temperature of the 
nonproductive steam channels is about 22°C or more higher than the 
temperature of the oil-bearing part of the subterranean formation. The 
greater the differences in temperature between the steam channels and the 
oil-bearing part of the reservoir the greater the advantage of this 
3Q embodiment. 

In accordance with the principles of this invention there is also 
provided a gel formed from a gel-forming composition comprising 

i. a first substance selected from the group consisting of 
polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 

35 11 • an of an aldehyde operable which is operable for 

crosslinking with the first substance under a predetermined acidic 
condition when the gel-forming composition is maintained for a pre- 
determined period of time at an elevated temperature, the gel-forming 
composition not being capable of completely gelling in less than 5 days 

40 when maintained at a cooler temperature which is substantially lower than 
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the predetermined elevated temperature 9 

the gel-forming composition being formed by heating the gel-forming 
composition under the predetermined acidic condition for the 
predetermined amount of time at the predetermined elevated temperature* 

5 In a further embodiment the predetermined elevated temperature is at 

least about 125*C, and the cooler temperature is about 22*C lover or more 
than the predetermined elevated temperature. In another embodiment the 
aldehyde la glut ar aldehyde. 

In veils which have a serious nonproductive steam channeling problem, 

10 injecting a foam-forming composition prior to injecting the gel-forming 
composition can improve the effectiveness of the steam channel plugging 
operation. Non-limiting examples of foam forming compositions or 
surfactants are sulfonates of alpha-olef ins , hydroxy sulfonates, 
aliphatic sulfonates and mixtures thereof. The foaming compositions can 
be carried into the steam channels with steam. This can be followed by 

15 

injecting the gel-forming composition into the steam channels. In one 
embodiment the gel-forming composition is carried into the nonproductive 
steam channels with steam. It is to be understood however that Injection 
of the foam-forming composition is only temporary and the principal 

20 improvement resides in the injection of the gel-forming composition. The 
gel-forming composition can penetrate the foam and set up and back up the 
foam. In one embodiment the foam is used to incorporate the acid and 
aldehyde and the injected PVA based substance penetrates into the foam- 
acid-aldehyde mixture. In another embodiment, either the acid catalyst 

25 or the aldehyde is Injected along with the foam and this is followed by 
the remaining parts of the gel-forming composition. In one embodiment, 
the acid-aldehyde combination injected with the foam is glutarlc add and 
glutaraldehyde. 

In still another gel or process embodiments, the amount of aldehyde 
30 is from about 0.01 to about 4 percent of the weight of the gel-forming 

composition. In still another embodiments, the amount of the aldehyde is 
at least about 0.7Z of the stoichiometric amount required to react with 
all of the crosslinkable sites of the first substance. In another 
embodiments the aldehyde is glutaraldehyde. In one embodiment the amount 
35 of PVA based substance is from about 1.5 to about 5Z of the weight of a 
gel-forming composition. In another embodiment the first substance has 
an average molecular weight of at least about 100,000. In a preferred 
embodiment the PVA based substance or first substance is polyvinyl 
alcohol. In still another embodiment the gel-forming composition is at 
i|0 least about 64 weight percent water. In yet another embodiment the water 
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1b provided by a brine and the brine la at leaat about 91* of the weight 
of the gel-forming composition. In one preferred embodiment, PVA baaed 
substance is polyvinyl alcohol, the amount of the polyvinyl alcohol la 
from about 2.5 to about 3 percent of the weight of the gel-forming 
S composition, the aldehyde is glutaraldehyde and the amount of glutaralde- 
hyde la from about 0.01 to about 1 percent of the weight of the gel- 
forming composition, and the remainder of the gel-forming composition is 
a brine having pH less than 7. In yet other embodiments the gel-forming 
composition also comprises a separately added acidic catalyst. 
10 This process is useful not only for steamfloods but for stimulation 

processes such as operations in which steam la injected for about 9 days 
more or less followed by pumping of oil for about 6 months more or Less. 
Accordingly, in one embodiment the hydrocarbon recovery operation is a 
steam push and pull operation. In another embodiment the hydrocarbon 
15 recovery operation is a steamflooding operation. These processes are 
particularly useful where the subterranean formation has an average 
formation temperature of at least about 125*C. 

Due to their stability at elevated temperatures, the above described 
gels can also be formed and used in formations having an average in-situ 
20 temperature of about 125 # C or higher, and in some embodiments where the 
average in-situ temperature Is 200°C or higher. 

There is also provided a gel formed by reacting a PVA based 
substance, PV aldehyde, and water in an acidic mixture. In a further 
embodiment of the above gel, the PV aldehyde is produced by the oxidation 
25 of a PVA based substance. In a further embodiment, the PV aldehyde la 
produced by oxidation of the same PVA based substance used to form the 
gel. In still another embodiment the PV aldehyde is produced by a 
process comprising reacting a first substance selected from the group 
consisting of polyvinyl alcohols, polyvinyl alcohol copolymers, and 
30 mixtures thereof, with hydrogen peroxide in water at an elevated 

temperature in the presence of a metallic ion catalyst. In a further 
embodiment the metallic ion catalyst is selected from the group 
consisting of Cu(II), Cu(IH), Pe(II), Fe(lll) and mixtures thereof. In 
yet another embodiment, PV aldehyde is produced by oxidation of a PVA 
35 with periodic acid. In still another embodiment the PV aldehyde has, on 
the average, about 5 to about 500 carbon atoms per PV aldehyde molecule. 
In still another embodiment, the PV aldehyde has at least two aldo groups 
on the average per molecule of PV aldehyde. In a still further 
embodiment, the PV aldehyde has a plurality of hydroxyl groups on the 
qo average per molecule of PV aldehyde. In a still further embodiment, the 
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•mount of FV aldehyde is More than about 0.7% of the stoichiometric 
amount required to react with all of the croselinkable sites of the PVA 
based substance. In yet another embodiment the PV aldehyde provides from 
about 0.01 to about 4Z of the weight of the gel. 
5 In another embodiment, the water of the gel-forming composition 

provides at least about 64X of the weight of the gel. In yet another 
embodiment the PVA based substance provides from about 0.1 to about 5% of 
the weight of the gel. In one embodiment the PVA based substance is 
polyvinyl alcohol. In another embodiment the PVA based substance has an 
10 average molecular weight of at least 30,000 and preferably at least 
100,000. 

In further embodiments of all of the above-identified gels, the gel 
is formed by reacting the PVA based substance, PV aldehyde and water in 
the presence of an acidic catalyst. 

15 There is also provided a process for retarding the flow of fluids in 

high permeability channels in a subterranean formation comprising intro- 
ducing an effective amount of a gel-forming composition into the sub- 
terranean formation, and into the high permeability channels, the gel- 
forming composition being operable when gelled in the high permeability 

20 channels for retarding the flow of fluids therein, the gel-forming 

composition comprising an aqueous solution of PVA based substance, and an 
effective amount of PV aldehyde sufficient to form a gel with the aqueous 
solution; and allowing the gel-forming composition to form a gel in the 
high permeability channels which is effective for retarding the flow of 

25 fluids therein. In other embodiments of the above described process, the 
particular gels which are described above can be used. In one embodiment 
the gel is formed in the presence of a crosslinklng catalysing substance. 
In another embodiment the acidic catalyst is a delayed action acidic 
catalyst, perferably an ester which hydrolyzes slowly in the formation 

30 producing a weak add. 

As discussed above, in one embodiment of the invention, a PVA based 
substance has been oxidised so that some of diol groups thereof have been 
converted to aldo groups thereby producing a PV aldehyde. In this 
embodiment, the else and reactivity of the PV aldehyde crosslinklng agent 

35 can be varied to optimize the performance of the gel for the particular 
reservoir conditions encountered. The PVA based substance used to form 
the FV aldehyde, does not necessarily have to have the same high 
molecular weight as the PVA based substance with which it is crosslinked. 
Accordingly, the molecular size and the structure of the diol groups on 

HO tne PVA based substance which is used to produce the PV aldehyde can be 
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tailored to produce a gel having properties best suited to the particular 
reservoir conditions of interest. Ace tali ration reactions between the 
PVA based substance and PV aldehyde provide the cros si inking required. 
Gels of varying degrees of stiffness and stickiness can be prepared by 

5 changing the ratio of PVA based substance to PV aldehyde. 

Methods for the self-crosslinking of prefabricated polyvinyl alcohol 
structures by preferentially oxidising 1 9 2 dlol units are described in 
U.S. Patent Hos. 3,859,269; 4,154,912; 4,262,067; and 4,272,470 which are 
hereby incorporated herein by reference. These patented processes, while 

10 not directed towards the formation of gels, are of Interest because they 
disclose methods generating aldehydic groups on polyvinyl alcohol, and 
for self- croe slinking a prefabricated polyvinyl alcohol sheet. These 
patents disclose that 0.5 to 202 of the hydroxyl groups In polyvinyl' 
alcohol can exist as 1,2 diols and the remainder as 1,3 diols. 

19 The formation of 1,2 and 1,3 diols depend on the polymerization 
temperature in the polyvinyl acetate step. During oxidation of polyvinyl 
alcohol, the chain is cleaved at the 1,2 dlol sites leaving aldo groups 
at the end of the chains. The 1,3 diols on one chain can then react the 
aldo groups on another chain when the pH is below 7 to form the PVA-PV 

20 aldehyde-water gel. 

A problem which sometimes occurs In the oil field is the loss of 
circulation of special fluids such as drilling, completion and workover 
fluids into the subterranean formation. Loss of circulation fluids into 
the formation can cause damage to the drill bit caused by overheating and 

25 large decrease in drilling rate either of which can cause large increases 
in the cost of drilling, collapse of the formation at the wellbore which 
can damage the wellbore beyond repair, or in-depth plugging of the form- 
ation which can damage the reservoir to such an extent that the reservoir 
may have to be abandoned. 

30 In order to stop or retard the loss of circulation fluids into the 

reservoir it is desirable to plug the flow passages responsible for such 
losses very quickly. Cements and silicates are frequently used, however, 
because of the flow properties of cement and silicates completely 
effective plugging is not always achieved. The large particles in cement 

35 prevent it from penetrating much beyond 8 centimeters (8 cm) into the low 
flow rate channels. Whereas in high flow rate channels the cement often 
does not stop the loss of circulation fluids probably because the cement 
did not set, which could be because of dilution due to formation water 
infusion or merely because the fast flow rate prevented setting. Cement 

M0 plugs near the wellbore are frequently short circuited by the circulation 
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fluid shortly after the resumption of drilling, completion, or workover 
operation. Thua, there la e need for a system that will plug both low 
flow and high flow rate channels adjacent a wellbore and not allow 
circulation fluids to pass. 

The PVA-aldehyde gel systems of this invention csn penetrste the 
formation for distances much greater than 8 en whether the formation he a 
sand-like or carbonate-type matrix, and also stick to the matrix after 
gelation. The gel times of PVA-aldehyde gel systems can be varied from a 
couple of minutes to daya. However, in most cases drilling, completion 
or workover operations Is very costly. Consequently time delays are 
avoided wherever possible. Loss of circulation fluid problems therefore 
need to he corrected. rapidly, p-t aetting plugging agenta for uae close 
to the wellbore are a long nought solution to the problem. 

In serious lost circulation cases often 20 cubic meters or 120 
barrels or more of circulation fluid can be lost in 10 minutes. 

la this invention, there is provided rapid aetting PVA-aldehyde gels 
formulated so that they are gelled within a very short period of time 
after entering the formation, preferably within a period of time no 
greater than 12 minutes, and especially preferably from limiedlately to 
about 10 minutes after entering the formulation. These gels can be 
partially formulated at the aurface but completely formulated In the 
wellbore preferably at or near the point of loat circulation. The gel- 
forming compositions are gelled in the presence of an acidic catalyst, 
which in combination with the amount of aldehyde, causes a rapid setting 
of the gel to occur. In one embodiment the acidic catalyst Is added to 
the gel-forming mixture either in the wellbore or preferably at or near 
the point of lost circulation. In another embodiment the aldehyde is the 
last component of the gel-forming composition to be added to the mixture 
and it is added at the wellbore near the point of lost circulation. The 
use of such rapid setting PVA-aldehyde gel systems offers additional 
advantages of ease of wellbore clean-up as opposed to cements, and 
greater elevated temperature stability over other gel systems such as 
polyacrylamide based gels which in genersl are not stable at temperatures 
of 65 'C or higher. The PVA-aldehyde gel-forming compositions also have 
the advantage that they can be formulated using formation brine rather 
than merely fresh water. This compatibility is an Important advantage in 
locations where fresh water is not readily available. 

Accordingly, there is provided a process for reducing the loss of 
circulation fluids into flow passages of a subterranean formation during 
a well drilling, completion or workover operations, the circulation 
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fluids being selected from the group consisting of drilling fluids , 
completion fluids end vorkover fluids, the process comprising stopping 
the injection of the circulation fluid into the wellbore; introducing 
into the flow passages, an effective amount of a gel-forming composition 
comprising (i) an aqueous solution comprising a first substance selected 
from the group consisting of polyvinyl alcohol, a polyvinyl alcohol 
copolymer, and mixtures thereof, (ii) an amount of an aldehyde, and (iii) 
an amount of a cross linking catalyzing substance, which in combination 
with the amount of the aldehyde is operable for effecting gelation, at 
the temperature of the subterranean formation, of the gel-forming 
composition in a short period of time, preferably no greater than about 
12 minutes after being introduced into the subterranean formation; and 
allowing the gel-forming composition to flow into the flow passages and 
to form a gel therein within such period of time thereby reducing the 
loss of circulation fluid upon resuming well drilling, completion or 
vorkover operation. In an especially preferred embodiment the amounts of 
a crossllnking catalyzing substance and aldehyde are operable for effect- 
ing gelation, at the temperature of the subterranean formation, of the 
gel-forming composition in a period of time from about zero to about 10 
minutes after being introduced into the subterranean formation* 

In one embodiment of the rapid Betting gel-forming composition, the 
amount of the aldehyde is from about 0.03 to A percent of the weight of 
the gel-forming composition, and the pH of the gel-forming composition is 
no greater than about 5.5. Preferably the pH of the gel-forming 
composition is no greater than about 5. In another embodiment of the 
amount of the aldehyde is no more than about 2 percent of the 
stoichiometric amount required to react with all of the crosslinkable 
sites of the first substance. In another embodiment the aldehyde is 
glutar aldehyde. In yet another embodiment the gel-forming composition is 
at least about 64 weight percent water. In still another embodiment the 
gel-forming composition is at least about 91% by weight brine. In 
another embodiment the amount of the PVA based substance or first 
substance is from about 1 .5 to about 5% of the weight of the gel-forming 
composition. In still another embodiment the first substance has an 
average molecular weight of at least about 30,000, preferably at least 
about 100,000. Preferably the first substance is polyvinyl alcohol. In 
a preferred embodiment the gel-forming composition is about 3% by weight 
polyvinyl alcohol and about 2% glutar aldehyde. This composition is 
useful in treating a well having a subterranean temperature at least as 
high as 80°C. 
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In a further embodiment, prior to Introducing the rapid setting gel- 
forming composition into the wellbore, a short-term plugging agent is 
introduced into the wellbore and into the flow passages to temporarily 
plug the flow passages until a gel Is formed in the flow passages from 
the gel-forming composition. Examples of short-term plugging agents are 
dlatomaceoua earth, ground up nut shells, wax beads, and mixtures 
thereof. In another further embodiment, cement is Introduced into the 
wellbore and from the wellbore into the subterrsnean formation after 
introducing the rapid setting gel-forming composition into the wellbore. 
In another further embodiment, a silicate is introduced Into the wellbore 
and from the wellbore into the subterranean formation after introducing 
the rapid setting gel-forming composition into the wellbore. Preferably 
a silicate followed by a cement is introduced into the wellbore sf ter 
introducing the gel-forming composition into the wellbore. 

The above processes are especially useful for reducing the loss of 
circulation fluids in wells having a severe loss circulation problem. 
Where the loss circulation occurs in fractures having extremely high 
permeability, it is desirable to precede the Introduction of the gel- 
forming composition into the wellbore with a temporary plugging agent 
such as diatomaceous earth, ground up nut shells, wax beads or other 
substances to initially reduce the permeability in such severe fractures 
so that the gel-forming composition will have an opportunity to set up 
and form a gel in such fracturee. I„ general, the gel-forming 
compositions used for reducing the loss of drilling fluid will be 
relatively quick setting. This is achieved, for example, by having a 
relatively high glutaraldehyde concentration in the gel-forming 
composition with a high pH. The PVA-aldehyde gels as deecribed are 
stable at high temperatures for long periods of time and offer a definite 
advantage over many other polymer based gels which are not effective in 
formations having a high temperature. By having the gel set up in a 
period of time no greater than about 12 minutes after it comes in contact 
with the formation, these processes offer a definite advantage over 
cements which will not penetrate as deeply into the formation but require 
a longer time to set up. In some wells having severe fractures the use 
of cement by itself is ineffective because the cement is lost before it 
has a chance to set up. In such situations the loss of circulation fluid 
is only partially corrected. However, in our invention described above, 
the gel-forming composition sets up rapidly and the loss of circulation 
fluid is greatly reduced. 

There is also provided a gel, which is especially useful for reducing 
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the loss of circulation fluids but is also useful for other purposes 
which require a rapid setting gel, formed by reacting, in the presence of 
an effective amount of an acidic catalyst, the components of a gel- 
forming composition comprising 

5 i. a first substance selected from the group consisting of 

polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 
11* an effective amount of an aldehyde, and 
ill, water, wherein the water provides at least about 64 percent 
of the weight of the gel, and 

10 wherein the amount of the acidic catalyst in combination with the amount 
of the aldehyde is operable for effecting gelation, at a predetermined 
temperature, of the gel-forming composition in a short period of time, 
preferably no greater than about 12 minutes after the gel-forming 
composition is formed. Preferably the amount of the acidic catalyst in 

lg combination with the amount of aldehyde is operable for effecting gel- 
ation, at a predetermined temperature, of the gel-forming composition in 
a period of time from about sero to about 10 minutes after the gel- 
forming composition is formed. Long gel times can be used if the down 
time is not that important. 

20 In one embodiment the amount of aldehyde is from about 0.03 to about 

AX of the weight of the gel-forming composition. In another embodiment 
the amount of the aldehyde is at least about 2Z of the stoichiometric 
amount required to react with all the crosslinkable sites of the PVA- 
based substance or first substance. In a preferred embodiment the 

25 aldehyde is glutar aldehyde. In yet another embodiment the amount of the 
acidic catalyst is sufficient to maintain the pH of the gel-forming 
composition at a value no greater than about 4. In yet another 
embodiment the amount of the PVA-based substance or first substance is 
from about 1.5 to about 5% of the gel-forming composition. In another 

30 embodiment the first substance has an average molecular weight of at 
least about 30,000 preferably at least about 100,000. In yet another 
embodiment the first substance is polyvinyl alcohol. In yet another 
embodiment the water of the gel-forming composition is provided by a 
brine, and the brine is at least about 91 percent of the weight of the 

35 gel-forming composition. 

Another problem which frequently occurs in enhanced oil recovery 
operations such as flooding or stimulating is the loss of Injected fluids 
into nonproductive and usually high permeability parts of the reservoir 
while the productive parts of the reservoir remain largely inaccessible 

i|Q because of their usually low permeability. This invention also provides 
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a combination process in which the high permeability channels which are 
usually nonproductive are treated to retard the flow of fluids, 
especially water or brines, while the low permeability rones which are 
usually oil-bearing are acidized to Increase the permeability thereof to 
the flow of oil or drive or stimulating fluids. The particular 
combination of steps provides a relatively easy and effective way to 
treat reservoirs experiencing both inefficient loss of fluids to 
nonproductive areas while at the same time improving the recovery from 
the productive oil-bearing areas of the reservoir. 

Accordingly in this embodiment the process provides a method to 
penetrate the nonproductive high permeability channels for relatively 
large distances from the wellbore and effectively block the flow of water 
or brines therein so that better use of the drive or stimulating fluids 
can be achieved. This is then closely coordinated with an acidising 
process to improve flows in desired areas such that as a result of our 
combination process the efficiency and profitability of the enhanced oil 
recovery operation is improved. Accordingly, there is also provided a 
process for retarding the flow of water in high permeability channels in 
a subterranean formation and increasing the permeability of low perme- 
ability oil-bearing porous structure in the subterranean formation 
comprising introducing into the subterranean formation a predetermined 
amount of a gel-forming composition which when gelled in the high perme- 
ability chsnnels is operable for retarding the flow of water therein, the 
gel-forming composition comprising (i) an aqueous solution comprising a 
first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, and mixtures thereof, and (ii) an 
effective amount of an aldehyde sufficient to form a gel with said 
aqueous solution, when in the presence of an effective amount of a 
crosslinking catalyzing substance; and allowing the gel-forming 
composition to form a gel, in the presence of an effective amount of the 
crosslinking catalyzing substance, in the high permeability channels 
which is effective for retarding the flow of water therein; after 
introducing the gel-forming composition into the high permeability 
channels, introducing into the subterranean formation a predetermined 
amount of an acidizing substance which is operable for penetrating the 
low permeability porous structure and dissolving flow inhibiting deposits 
therein; and allowing the acidizing substance to dissolve the flow 
inhibiting deposits thereby increasing the permeability of the low 
permeability porous structure. In one embodiment of the combination 
process the acidizing substance is introduced into the subterranean 
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fornatlon within a period of time from about zero to about one day after 
the gel is formed in the high permeability channels. In another 
embodiment the acidising substance is introduced into the subterranean 
formation after the gel is formed in the high permeability channels. In 
5 a further embodiment the acidising substance is introduced into the 

subterranean formation within a period of time from about zero to about 
10 hours after the gel is formed in the high permeability channels. Long 
times between Injecting the gel and acidising the formation can be used 
if desired and down time is not that important. In another embodiment 

10 after introducing into the subterranean formation the predetermined 
amount of the gel-forming composition, an effective amount of a 
crosslinking catalysing substance is Introduced into the subterranean 
formation which is operable to cause the gel-forming composition in the 
high permeability channels to gel therein. In yet another embodiment the 

15 crosslinking catalysing substance and the acidising substance have the 
same composition. 

In another embodiment of the combined process, the aldehyde is 
glutaraldehyde and the amount of glutaraldehyde is operable for promoting 
crosslinking of the first substance and glutaraldehyde under weakly 

20 acidic conditions and a separately provided acidic catalyst is not 
required as earlier described herein. 

In a further embodiment of the combined process further comprises! 
after forming the gel in the high permeability channels and dissolving 
the flow inhibiting deposits in the low permeability porous structure, 

25 recovering oil from the subterranean formation. 

In a preferred embodiment of the combination process the crosslinking 
catalysing substance is a delayed action catalyst such as an ester which 
slowly hydrolyses as it moves away from the wellbore into the formation. 
The ester is selected so that it will slowly form a weak organic acid as 

30 it penetrates into the formation. In this embodiment the weak organic 
acid also reacts with the flow inhibiting deposits in the low 
permeability channels. The combination of selecting the crosslinking 
catalysing substance which allows the gel-forming composition to slowly 
gel thereby enabling in-depth plugging of the high permeability channels, 

35 and which also allows in-depth acidizing of the low permeability 

channels, is a particularly useful combination. This embodiment has the 
advantage over many prior art processes in that only two compositions are 
involved; namely, the gel-forming composition and the crosslinking 
catalyzing substance which also serves as the acidizing substance. These 

qO two substances can be initially premixed, or simultaneously injected, or 
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injected in alternate slugs, into the formation, if separately but 
simultaneously Injected, after the high pe«e.bllity rones are plugged, 
the injection of the gel-forming composition 1. terminated while 
injection of the acidising substance i. continued. The advantage of not 
6 having several different formation, to pump into the well or to preaix 
at various times greatly facilitate, the use of this method for enhanced 
oil recovery. Having only two compositions for injection also reduces 
the chances for operating error. The method is particularly valoable in 
remote location, where providing several composition, and several storage 

>0 tank, would be difficult. For example, jungle location, are very diffi- 
cult to operate in because the general lack of utilities render, complex 
processes susceptible to prolonged down time, for relatively minor 
downs. Thus there is a need for a relatively simple method of enhancing 
oil recovery, in all of these embodiment, there i. the addition^. 

15 advantages of being able to use the formation brine aa a source of water 
for the injected mixtures, and the stability of the gele at elevated 
temperatures. 

in still further embodiments of the above described gel. and pro- 

,n ZT' ^ ~ * t0 f0IB the 861 *- • °* least about 

20 1000 ppm. in f„ rther embodiments the w.t.r has a badness of at leasT 

about 3000 pp., or 6000 pp., or higher. In other further eafcodiment. of 
the sbove described gels, the water used to form the gel has a total 
dissolved solids content of at least about 30,000 ppm. m . stlll 
further embodiment such water has a total dissolved solids content of at 
25 least about 80,000 ppm. 

In the embodiments of this invention the various aldehydes crosslink 
with the polyvinyl slcohol or polyvinyl alcohol copolymer through 
formation of acet.ls. It ha. been found that gel. formed in thi. way are 
adaptable to the hardness of the water from which they are formed or 
30 exposed. These gels are also more stable st high temperatures than 
polyacrylamide based gels or gels made fro. biopolymers or polyvinyl 
alcohols gelled by other crosslinking agents such as borate. 

Because of the adaptability and compatibility of these gels to water 
hardness or total dissolved solids content, these gels can be prepared 
35 using formation water, brackish water, sea water or usually any other 
available source of water conveniently at hand. Because the largest 
ingredient used to formulate the above described gels is principally 
water, substantial economic advantage is provided by this invention which 
permits gels to be formed with the cheapest source of available water 
10 However, the advantages of this invention are not limited merely to 
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economic advantages because these gels also provide substantial technical 
advantages over other gels. For example , in many of their uses these 
gels are subjected to the Infusion of severely contaminated water into 
the gelling mass prior to reaching its gelation point. Where such 
5 contaminated water Infusion occurs in many other gelling fluids the 

gelation thereof is destroyed or so severely harmed that such other gels, 
if in fact they do gel, would be rendered ineffective for their intended 
use. 

Due to their stability at elevated temperatures, the above described 

10 gels can also be formed and used in formations having an average in-situ 
temperature of about 80°C or higher, and in some embodiments where the 
average in-situ temperature is 125°C or higher. 

the above described methods of forming a gel in situ in subterranean 
formations be be practices using the gels provided by this invention. 

15 The principles of this invention can be used where the subterranean 

water-conveying zone is under the subterranean hydrocarbon-producing 
cone; or where the subterranean water-conveying zone surrounds the 
subterranean hydrocarbon-producing zone; or where at least part of the 
subterranean water-conveying zone coincides with at least part of the 

20 subterranean hydrocarbon-producing zone. 

In one embodiment of this invention directed to a water flood 
operations, it frequently is desirable to treat the water injector wells 
with a polymer gel-forming solution to control the water flow profile. 
In this embodiment such treatment prevents channeling of water at the 

25 injector well and/or controls and/or redirects water flow through regions 
of varying permeability. Since in this embodiment the polymer is 
Injected as a relatively low viscosity aqueous phase it penetrates 
preferentially the region of highest permeability to water. Accordingly, 
after formation of the gel in high permeability regions, such regions are 

30 converted to low permeability to further retard water flow thereby 
causing, upon further water injection , a water sweep of previously 
inaccessible areas in the formation which usually have relatively low 
permeability. By extending the water flow to such previously inaccess- 
ible regions, more hydrocarbons can be recovered than would be recovered 

35 in the absence of such polymer treatment. 

The gels of this invention have improved resistance to heat and are 
stable in hard water. These characteristics make these gels particularly 
useful for many oil field applications such as water mobility control. 
These gels can be advantageously used in other harsh environments such as 

i<0 solar pond construction where they can be used to consolidate loose soil 



" A1 - 0188856 

•nd to retard or stop the leakage of brine through the pond floor, or to 
prevent coovective flow of hot water from lower Interval. Into upper 
interval, containing cooler water. For oil field application, no other 
ge 1. are known which exhibit the .tability and durability of rhe gel. If 
5 this invention, especially in hot reservoir, having high carbonate or 
clay content. 

Accordingly, one objective of this invention is to provide a means of 
controlling fluid movement in oil well, end eubterranean formation, 
especially in formations having temperatures 80'C or higher, or where the 
10 waters involved are aaline or hard. 

gel ^.?with bJ L C V £ lnVe * l0n 18 t0 Pr ° Vlde ' — " «**» • 
gel water with an inexpensive polymer for other oil field developmental 

uses such a. fracture fluid, and fluid, for .econdary and tertiarToil 

,5 cTLT 1 lB an ° ther ° bJeCt ° f thU 1Wntl0tt t0 • vhich 

IS can be formulated using hard water end water containing . high level of 
dissolved solids such as sea water and fnrm ^ 4 t ' 
deep off-shore bydrocar" n"ield 8 ! MCOuate ^ * 

at hTT ° f lnVentl0n iS t0 Pr ° Vl<lft '• •* " -fble 

20 ITS r PemUre8 P<irtlCOlar -° re 8table th « •*« gels at 

20 such high temperatures. 

Brief Description of che Drairinff , 

Fig. 1 i. . graph of the perceat of orlglnal penM of 

stone cores after their treatment according to the precept, of this in- 
vent ion. u 

» «g. 2 1. . gr.ph . utlt ^ tl _ „ . , mtlm 

brine* 

Fig. 3 is a graph of static gel times as a function of the initial p H 
of « gel-forming composition formulated with naturally buffered oil 
30 reservoir brine. «*» ■»* 

Fig. 4 is a graph of static gel times as a function of glutaraldehyde 
concentration in a gel-forming composition formulated with naturally 
buffered oil reservoir brine. 

Fig. 5 is a graph of dynamic or flowing gel times ss a function of 
35 glutaraldehyde concentration in a gel-forming composition formulated with 
naturally buffered oil reservoir brine. . 

Fig. 6 is a graph of the p H of a naturally buffered oil reservoir 
brine containing certain concentrations of glutaraldehyde as a function 
or tine* 

.0 Fig. 7 is a diagram of a gel quality scale for grading gelation of 
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gel-forming composition as referred to in Fig* 8. 

Fig. 8 is * graph of a gel quality for a polyvinyl alcohol- 
glutaraldehyde- brine system which demonstrates the effect of preheating 
the gel-forming composition during gelation. 
Description of the Preferred Embodiments 

An oil veil having an undesirable amount of water production is 
treated by injecting a polyvinyl alcohol solution containing 1 to 50,000 
ppm of polyvinyl alcohol having an average molecular weight of 100,000 or 
higher. This is followed by injection of a crossllnking agent such as 
glyoxal with an acidic catalyst. The polymer will undergo crossllnking 
and gel in situ in a period of time ranging between several hours to 
several days depending upon, in part, the temperature and amount of 
acidic catalysts. The following examples demonstrate how some of the 
gels of this Invention can be made and how such gels are effective In re- 
ducing the permeability of sandstone materials to the flow of brines. 
Examples 

The following examples demonstrate the procedures by which polyvinyl 
alcohol (PA) solutions can be gelled using malonaldehyde bisdimethyl- 
acetal as crossllnking agent and sulfuric or acetic acid as catalyst. In 
this example and all later examples calling for 2.5wtX PA in water or 
brine, a stock solution was prepared first by slowly adding the appro- 
priate weighted amount of dry PA powder to the water at room temperature 
with stirring and then, with continued stirring, raising the temperature 
to 100°C in a hot water bath. A clear homogenous solution resulted after 
25 30 minutes at 100 °C at which time the solution was allowed to cool to 
room temperature. The polyvinyl alcohol was (unless otherwise stated) 
98Z hydrolyzed, 126,000 molecular weight polyvinyl alcohol (Aldrich 
Chemical Co.) or Elvanol HV 99% hydrolyzed polyvinyl alcohol (DuPont). 
As used herein, Brine A refers to a synthetic brine prepared by 
30 adding the following amounts of salts to deionized water and adjusting 
the volume to 1 liter: 

NaCl 75.5 gr. 

NaflC0 3 1.2 gr. 

MgS0 A .7H 2 O 1.1 gr. 

35 MgCl 2 .6H 2 0 3.56 gr. f and 

CaClj.B^O 20.76 gr. 



20 
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As used herein, Brine B refers to a synthetic brine prepared by 
adding the following amounts of salts to deionized water and adjusting 
the volume to 1 liter: 
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HaC1 61.02 gr. 

KC1 1.39 gr. 

WW 9.20 gr. 

*<V«V 5.77 gr.. and 

B " C1 2' 2H 2° 0.02 gr. 

Ab used herein, Brine C refers to a synthetic brine prepared by 
adding the following amounts of salts to delonlsed water and adjusting 
the volume to 1 liter: 

H ' C1 75.5 gr. 

*"V*V 1.1 gr. 

* Cl 2'*V 3.56 gr.. s«d 

«»r*V 20.76 gr. 

Example No. 1 

0.01 milliliter (0.01 1) malonaldehyde biadlmethyl.cet.1 was added 
to 5 ml of a 2.5 wtt solution of PA in deionited water. This solution 
was acidified by adding 0.05 ml of concentrated H.S0.. After 3.25 hours 
«t room tempersture this solution had gelled to a cloudy white solid. 
After four hours a small amount of water began to separate from the gel. 
Example Mo. 2 

0.01 «. malonaldehyde bisdimethylacetal was added to 5 ml 2.5 wtZ PA 
in deionired water. This eolution was acidified by adding 0.05 ml acetic 
scid. The sample was then maintained, in a capped glass vial, at 95'C 
A pale white gel formed after 1.75 hours at room temperature. 
Example Ho. 3 

The following example illustrates the effect of neutraliring the 
acidic catalyat, after the gel has formed, on gel stability. 

Two sample vials were each charged with 5 ml 2.5 wtX PA in delonized 
water. To each was added 0.005 ml of malonaldehyde bisdlmethylacetal and 
0.05 ml of 1.8M sulfuric acid. The vials were then capped and placed in 
a 95«C oven. After 1 hour, one of the viala was removed from the oven 
and treated with 48 mg KaHCOj in 2 ml ^0 for 16 hours, sfter which the 
solution was decanted off and the remaining clear gel was rinsed with 
three 5 ml portions of delonlsed water. The gel was returned to the 
oven. After one week at 95'C the gel which had been treated with KaHC0 3 
remained clear. The sample which had not been treated with NaHCO had 
clouded within 24 hours and disintegrated within one week. 3 
Example N09. 4 to 8 

Gelation of Polyvinyl Alcohol with Glutaraldehyde 

A stock solution of 2.5 wtt polyvinyl alcohol was prepared in Brine 
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A. To 20 ml of this solution was added 0.5 ml acetic acid, 0.02 ml of a 
25 wtX solution of glutaraldehyde in water. The pH was then adjusted to 
the desired value with sodium acetate solution (0.344 gr NaC^O^^O 
per ml Brine A). The resulting solution was mixed thoroughly and placed 

5 in a stoppered container in a constant temperature bath at 80*C. The gel 
point, characterised by an abrupt increase in viscosity, was determined 
by monitoring the viscosity with a Brookf ield Viscosimeter or noting 
visually the resistance to stirring with a magnetic stir bar. Each test 
for Example Hos. 4 to 8 was conducted entirely at 80 °C. Test parameters 

10 and gel times are shown in Table 1. 

Table 1 

COHCEHTRATION (wt. X) 



cample 




Glutaralde- 


Acetic 


NaC^O^^O 


PB 


Gel 


Ho. 


PA 


hyde 


Acid 






Time 














(mln) 


4 


2.4 


0.025 


2.3 


2. 


3.54 


70.5 


5 


2.5 


0.025 


2.3 


0.6 


3.33 


40 


6 


2.5 


0.025 


2.4 


0.25 


3.00 


24 


7 


2.5 


0.025 


2.4 


0.17 


2.90 


18 


8 


2.5 


0.025 


2.4 


0.10 


2.71 


13 



20 

Example Nob. 9 to 11 

Examples Roe. 9 to 11 demonstrate the effect of temperature on gel 
times. 

A stock solution of 2.5 wtX FA was prepared in synthetic Brine A. To 
25 20 mil of this solution was added 0.5 ml of acetic acid, 0.04 ml of 

malonaldehyde blsdlmethylacetal , and enough of a sodium acetate solution 
(0.344 gr KaC^Oj.S^O per 1 ml Brine A) to bring the pH of the solution 
to 2.9. The resulting solution was mixed thoroughly and placed in a 
stoppered vial in a constant temperature bath at the temperature shown in 
30 Table 2. The gel times were determined as in Examples Nos. 4 to 8. 

Table 2 



Example No. T (°C) Gel Time (mln) 

35 

9 65 162 



10 
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Example No. 12 to 18 illustrate the »ee of deleyed acidic ectlon 
catalysts. 

Example No. 12 

A mixture of 20 ml of 2.5 vtZ FA in Brine A. 0.005 -1 of glut.ralde- 
hyde end 79 mg of ZnCl, in 1 1 of Brine A wee pieced in . stoppered vial 
-nd kept et 82'C. After 21 hour, the solution had not gelled. An addt 
tionel 30 milligram. (30 mg) 2 nCl 2 we. added. After ,41 hour, et 82'C . 
.emi-rigid gel h«! formed. Similar experi-ent. using 0.5%. IX end 2Z 
ZnCl 2 .»d 2.5X PA in see veter feiled to yield gel. after 350 hour. «t 
82 C 

Example Hob. 13 to 16 

in Example No.. 13 to 16, the .ample. we re prepared with . total 
volume of 20 »1 using the following wtX concentrations. 

CONCBMTB ATIOM (wg) 
Ex*»ple PA Methyl Gluteraldehyd. w.ter Gel Time 
No « Formate 



13 2.5 0.144 

14 2.5 0.048 



0.1 
0.1 



Source (hours) 

Tap 29 
Tap 144 



21 



20 15 2 ' 5 0.1 Brlne8 ^ 

16 2 * 5 °- 048 o.i BrtneB 21 

After 5 hours at 82«C, the solution, had not thickened preceptahly. 
After 21 hours the samples prepsred with Brine B had gelled. The samples 

I in BrLlT t0 ° k 8llghtly 1<>,lger ^ f0r " WCTe ^ " rlB " " *~ 
Example Nob. 17 and IB 

To 10 ml of , solution of 2.5 wt* PA in Brine B was added 0.007 ml 
(0.075 wtZ of the total mixture) of glutaraldehyde and 0.015 .1 (O.lBwtX 
of the total mixture) of glycerol monoacet.te. A second solution was 
-ade substituting 0.0,5 ml of glycerol diacetate for the glycerol mono- 
acetate. The solutions were held at 82'C. After 20 hours there was no 
observable change. After 25 hours, both had formed very soft, flowing 
gels. After 92 hours both had formed rigid elastic gels, and some water 
had separated. 
Example Nob. 19 and 20 
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These examples demonstrate the use of polyvinyl alcohol gels to re- 
duce the permeability of porous media to brine. 
Core Sample Preparation Procedure 

A sandstone core about 7.6 centimeters (7.6 cm) long by 3,8 cm in 
diameter was first saturated with brine and then mounted in a core holder 
similar to commercially available core holders which are known In the 
arts such as those sold by Core Laboratories, Inc., in Dallas, Texas. 
Such core holders have a tightly fitting expandable sleeve for extending 
entirely over the cylindrical length of the core and beyond the ends of 
the core. The sleeve is used to attach and mount the core in the core 
holder apparatus. The core holder was placed in an oven, equilibrated to 
the desired test temperature, and connected to a system operable for 
infusing a gel forming fluid into the pores of the core. The pressure 
drop across the length of the core was measured during its treatment with 
the gel forming fluid. 

To simulate a formation in which oil has been displaced by water, as 
for example in a subterranean oil producing formation, after being 
equilibrated to test temperature, the core was first infused with 
kerosene and then infused with brine to simulate subterranean environ- 
ments encountered. The brine and the test temperature should be selected 
so ss to best simulate the particular conditions of the formation of in- 
terest. Conditioning of the core in this manner is referred to herein as 
"residual oil formation simulation. " 

When residual oil formation simulation had been established in the 
core, its permeability to brine was determined using Darcy's law by 
measuring the pressure drop across the length of the core for various 
brine flow rates. The calculations were made as follows: 

K- 1 3 = q X 1000, where 
A . P 

K is the permeability of the core in millidarcies , 

1 is the length of the core in cm, 

u is the viscosity of brine in centlpoise (cp) f 

q is the flow rate of brine in cubic centimeter per second (cc/sec), 
p is the pressure drop across the length of the core in atmospheres 

(atm), and 
A - cross section of the core in cm 2 . 

After forming a test gel in the pores of the core, the permeability 
of the core is substantially reduced. This is evidenced by an increased 
pressure drop across the core relative to that existing before gelation. 
Using Darcy's equation, the new permeability can be expressed as a per- 
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cent of the original permeability as follows, where 
( ^ t \ 

100 x ' is the Z of original permeability, 



*o 



K fc is the permeability at time t after gel formation, and 

K 0 is the original permeability 
The duration of the gel 1 a effectiveness, which is referred herein as its 
stability, can be monitored by determining K fc as a function of time. 
During testing the core is continually maintained at the temperature of 
interest. 

To prevent the gel from setting up in the apparatus, the test pro- 
cedure adopted first pumped into the core a non-gelling composition, 
followed by the test composition, which was followed by a small quantity 
of additional non-gelling compositions. Since such fluid flowed through 
the core in plug like flow, the quantities of fluids were controlled so 
that the gelling fluid remained only in the core, with non-gelling 
composition in the apparatus and slightly in each end of the core. 

The Example Nos. 19 and 20, which follow, show the actual reduction 
in permeability which wax experienced after forming a PVA-aldehyde gel in 
the pores of sandstone cores. 
Example Wo. 19, Gel Formation at 127 *C 

After equilibration to 127°C, a Berea sandstone core, 7.6 cm long and 
3.8 cm in diameter was conditioned for residual oil formation simulation, 
using Brine C, as described above. Akaliquot of gel forming fluid equal 
to 0.70 pore volume (14.9 cc) was infused Into the core which was then 
followed by an infusion of 0.20 pore volume (4.3 cc) of Brine C. In this 
manner the gel forming fluid was infused into the center part of the 
core, which each end of the core (about 0.10 pore volume on one end and 
about 0.20 pore volume on the other end of the core) remained essentially 
free of the gel forming fluid. Flow was stopped for 4 hours and the gel 
was then allowed to form in the pores. Thereafter, intermittent infusion 
with Brine C was conducted over the next 50 days to determine the perme- 
ability of the thusly "gelled" core to Brine C. The results are given in 
Table 3 and shown in Fig. 1 wherein the permeability of the core is ex- 
pressed as the percent of the original core permeability as a function of 
time. 

In this example, the gel forming fluid was prepared by combining 100 
cc of 2.5 wtX with polyvinyl alcohol in Brine C, 1 cc of glacial acetic 
acid, 0.365 gram (0.365 gr) of sodium acetate trihydate, and 0.20 ml of 
malonaldehyde-bisdimethylacetal. The pH of the initial gel forming fluid 
was 3.4. 
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Example No. 20, Gel Formation at 82*C 

Another Berea sandstone core was equilibrated to 82°C and conditioned 
for residual oil formation simulation using Brine B, as described above. 
An aliquot of gel forming fluid equal to 0.75 pore volume (13*7 ml) was 
5 ■ Infused into the pores of the core. The gel forming fluid in the lines 
leading to the core was then forced into the core by displacement with 
7.0 ml of 2.5X polyvinyl alcohol. The flow was stopped for 3 hours to 
permit the gel to form. Thereafter, intermittent brine infusion over the 
next 3 months was conducted to determine the permeability of the thusly 

10 "gelled" core to Brine B. 

The gel forming fluid for this example was prepared by combing 100 ml 
of 2.5 wtZ polyvinyl alcohol in Brine B and 0.125 ml of 25% aqueous glu- 
taraldehyde followed by adjustment of the ph to 2.7 with glacial acetic 
acid (0.8 ml). The results of this experiment are also given in Table 4 

IS as shown in Fig. 1. 

Preferred Embodiments Conducted at High Acidic pH 

An oil well having an average in-situ temperature of 80 °C or higher, 
and also having an undesirable amount of water production, is treated by 
Injecting a polyvinyl alcohol-glutar aldehyde-brine mixture into the 

20 wellbore and from the wellbore into the reservoir. The mixture contains 
. about 2.5% polyvinyl alcohol having an average molecular weight of 
126,000 or higher, about 2% glut ar aldehyde, and the remainder about 95.5% 
by weight of a brine having a total dissolved solids content of about 
50,000 ppm and a hardness of about 5000 ppm. The polymer will undergo 

25 cros8linking and gel in situ in a period of time ranging between several 
hours to several dayB depending upon, in part, the average In situ 
temperature. The following examples demonstrate how some of the gels of 
this invention can be made and how such gels are effective in reducing 
the permeability of sandstone materials to the flow of brines. 

30 Example No. 21 

The following data presented in tabular format, in Table 5, 
demonstrates that gels can be formed from gel-forming compositions which 
are essentially free of an acidic catalyst or cros slinking catalyzing 
substance by Increasing the concentration of glut ar aldehyde to at least 

35 0.15X. Gel times of 24 to 48 hours were observed. These extended gel 
times permit the gel-forming composition to penetrate in-depth into the 
reservoir thereby permitting high permeability fluid flow channels to be 
plugged for distance much greater than 8 meters from the wellbore. In 
fact, the gel times observed indicate that such fluid flow in non- 
HQ productive channels can be retarded at distances 15, or 30 meters or more 
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fron the wellbore. 

Table 5 

The following tests were conducted in vial.. In all tests polyvinyl 
alcohol concentration in the gel~for«ing composition wee 2.5*. The 
•verage molecular weight of the polyvinyl alcohol was reported by the 
manufacturer to be about 126,000. 

Glutaraldehyde 
Test Concentration 
*>• «) 



Initial 


Pinal 




P H 


PH 


Gel Tine 


Range 


Range 


(hre.) 


7.0 - 7.2 


5.3 - 5.5 


24 


7.0 - 7.5 


5.3 - 5.5 


29 


7.0 - 7.2 


6.0 - 6.5 


48 


7.0 - 7.2 


6.0 - 6.5 


24 


7.0 - 7.2 


6.0 - 6.5 


30 



1 0.2 
* 0.15 

3 (1) 0.5 

4 (1) i.o 
>» 5 (2) 0.5 

(1) Test Hoe. 3 & 4 were conducted in .„ „ BOiia calclua 
carbonate. 

(2) Test No. 5 was conducted in the presence of crushed high day content 
,„ ™* fS ~ WC " Plc ° «— — *■ Beverly Hills. California. 

20 (3) The gel-forming composition was formulated using a synthetic brine. 

The synthetic brine was prepared by adding the following amounts of 
salts to deionlred water and adjusting the volume to one liter- 

15.0 gr. 

CaCl,.2H,0 , „„ 

2 * 1.80 gr. 

25 MgCl .6H.0 n ,„„ 

2 2 0.788 gr. 

NaHCO- 

3 0.297 gr. 

KC1 

0.19 gr. 

2 0.06 gr. 

SFC1 2 0.04 gr. 

30 The total dissolved solids content of the synthetic brine was 1.822 

The data demonstrates that a gel can be formed from gel-forming 
compositions containing higher glutaraldehyde concentrations without 
sdding an acidic catalyst, m fact, the data shows that even slightly 
basic mixtures are converted to slightly acidic mixtures without the 
35 addition of an acidic catalyst to the gel-forming mixture. The 

conversion of the composition from basic to neutral is believed to be 
caused by the conversion of a part of the glutaraldehyde to an acidic 
substance. 
Example No. 22 
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A 90 centimeter (90 en) by 2.5 cm stainless steel tube was packed 
with clean Vedron silica sand* The sand pack was flooded until saturated 
with a weakly buffered brine having a pH of 7.7. A gel-forming com- 
position was prepared having a concentration of 2.5X polyvinyl alcohol 
with an average molecular weight of 126,000, and 1.0X glutaraldehyde 
using the weakly buffered brine as solvent. The sand pack and flow lines 
leading thereto were maintained at a temperature of 93°C In an oven. The 
gel-forming composition was fed into the sand pack and after 13 hours of 
flow through the sand pack the inlet pressure thereto increased rapidly 
Indicating gelation. Upon disassembly of the tube the sand was found to 
be consolidated by the gel and had some structural strength* The results 
show that a PVA based substance can be cross linked with glutaraldehyde 
without the addition of an acid catalyst simply by the conversion of a 
part of the glutaraldehyde to an addle substance directly in the gel- 
forming mixture. 
Example Ho. 23 

A second sand pack was prepared for testing as in Example No. 22 
except crushed Berea sandstone was used instead of Wedron sand. The sand 
pack was flooded with the same gel-forming composition and in the same 
manner as in Example No. 22. The gel time was found to be 30 hours. 
Example No. 24 

A third sand pack was prepared for testing as in Example No. 22 
except that crushed high clay content W. Pico reservoir rock was used 
instead of Vedron sand. The sand pack was flooded with the same gel- 
forming composition and in the same manner as in Example No. 22. The gel 
time was found to be 55 hours. 

Examples Nos. 22, 23 and 24 demonstrate that the chemical nature of 
the sand has an influence on the gel time. Example No. 24 further demon- 
strates that a gel can be formed in a high clay content alkaline rock 
from a gel-forming composition which did not contain an acidic catalyst 
except for the decomposition products of glutaraldehyde, and further, 
wherein such decomposition products are produced in situ in the gel- 
forming composition directly from the glutaraldehyde. 
Example No. 25 

Example Nos. 25 to 28 were conducted at 93°C. Fig. 2 is a graph of 
static gel times in vials as a function of glutaraldehyde concentration 
in the gel-forming composition. A synthetic brine containing 1.8% NaCl 
and 0.2X CaCl 2 was used to form the gel-forming mixture. The graph 
demonstrates that gelation of FVA based substances-glutaraldehyde-brlne 
mixtures occurs relatively rapidly in unbuffered brines at high temper- 
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ature. By the ten "unbuffered brine" as used herein is meant a brine 
which is relatively free of buffering agents which would resist changes 
in the pB of the gel-forming composition, especially changes in the pH by 
one or two or more. The graph further demonstrates that gel time can be 
5 decreased by increasing the concentration of glutaraldehyde in the gel- 
forming composition without the addition of an acidic catalyst thereto. 
Example No. 26 

Fig. 3 is a graph of static gel times in vials as a function of the 
initial pH of the gel-forming composition wherein the composition Is 

10 formulated using naturally buffered brine from a high clay content Vest 
Pico field. By the term "naturally buffered brine" as used herein is 
meant a brine which contains substantial amounts of buffering agents 
which resist changes in the pH thereof as well as the gel-forming 
composition formulated using such brine. An example of naturally 

15 buffered brine is the reservoir brine from the Vest Pico oil reservoir 
which requires relative large amounts of add to lower its pB partic- 
ularly by one, or two, or more points. The designations 0.5X and 1.0X on 
the curves represent initial glutaraldehyde concentrations of 0.5 and 
1.0Z. 

20 *h c £ r *ph demonstrates that decreasing the initial pB of the brine 

used to formulate the gel-forming mixture will decrease the static gel 
time. 

Example No. 27 

Fig. 4 is a graph of static gel times in vials as a function of 
2g glutaraldehyde concentration in the gel-forming composition which was 

prepared using a naturally buffered Vest Pico field brine that had been 
treated with hydrochloric acid to lower its pB to 6.0. The results when 
compared to Fig* 2 demonstrate that buffering action of Vest Pico brine 
Increases the gel time. 
Example No. 28 

Fig. 5 is a graph of dynamic gel times in sand packs as a function of 
glutaraldehyde concentration in the gel-forming composition which was 
prepared using a naturally buffered Vest Pico field brine that had been 
treated with hydrochloric acid to lover its pB to 6.0. The sand pack 
consisted of high clay content, alkaline, crushed Vest Pico rock. The 
elongated data points indicate the spread in data generally realized for 
flowing systems. The tests were conducted in a manner similar to that of 
Example No. 23. The results, when compared to Fig. 4, demonstrate that 
gel times in sand packs are usually longer than in vials. 

The gel-forming compositions used in Examples 24 to 28 had a 
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concentration of 2.5% polyvinyl alcohol having an average molecular 
weight of about 126.000, and were maintained at 93°C during the testa. 
Example No, 29 

Fig. 6 is a graph of the pH of a naturally buffered West Pico brine 
as a function of tine for three Initial glutaraldehyde concentrations. 
The naturally buffered brine was treated with hydrochloric acid to lower 
its pB to between 6.6 and 6.9 before the glutaraldehyde was added there- 
to. The data demonstrates that the pH of the brine gradually decreases 
wijth time. This phenomena is attributed to the decomposition of the 
glutaraldehyde In the brine to acidic products. The data indicates that 
the brine becomes weakly addle with a pH from 5.5 to 6.5 depending on 
the initial glutaraldehyde concentration. 
Example Ho. 30 

A high clay content field having an average formation temperature of 
90*C and a reservoir injected water (R1W) or reservoir brine which is 
naturally buffered and has a pH of about 7.7 is being produced by water- 
flooding. A decision is made to treat the field by the process of this 
invention to Improve the efficiency of the water sweep. Accordingly, 130 
cubic meters of R1W is treated with 12Z HC1 aqueous solution to lower its 
pH to 6.0. To the treated RIW is added an amount of polyvinyl alcohol 
having an average molecular weight of about 126,000 to produce a 2.5% 
concentration therein. The brine-polymer mixture is heated in an in-line 
heater to 90°C and stored in an insulated tank for at least 45 minutes to 
completely dissolve the polymer. Just before starting injection, an 
amount of a 50% glutaraldehyde aqueous solution (commercial grade) is 
added to the RlW-polymer mixture to produce a 2. OX concentration of 
glutaraldehyde thereby producing the gel-forming composition. The 
designed treatment calls for Injecting all 130 cubic meters of the gel- 
forming composition Into an injection well over a 10 hour period. In at 
least one nearby production well it is expected that upon resumption of 
waterfloodlng, that the water production will be reduced by about 30% and 
the oil production increased by at least about 30% approximately one 
month after the treatment as compared to production before treatment. 
Example No. 31 

An oil field having an average formation temperature of about 130°C 
and a reservoir injected water (RIW) or reservoir brine having a pH of 
6.3 is being produced by waterfloodlng. A decision is made to treat the 
field by the process of this iuvention. Accordingly, to 160 cubic meters 
of RIW is added an amount of polyvinyl alcohol having an average mole- 
cular weight of about 126,000 to produce a 2.5% concentration therein. 
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The brine-polymer mixture Is heated in an in-line heater to 90*C and 
stored in an insulated tank for at least 45 minutes to completely dis- 
solve the polymer. Just before injection, an amount of a 50% 
glutaraldehyde aqueous solution (commercial grade) is added to the RIV- 
polymer mixture to produce a 2. OX glutaraldehyde concentration thereby 
producing the gel-forming composition. The designed treatment calls for 
injecting all 160 cubic meters of the composition into an injection well 
over a 24 hour period. In at least one nearby production well it is 
expected that upon resumption of waterflooding, that the water production 
will be reduced by about 30% and the oil production Increased by at least 
about 30% approximately one month after the treatment as compared to 
production before treatment. 

Preferred Embodiments for Retarding the Flow of Carbon Dioxide 
Example No, 32 

An oil well having an average in-situ temperature of 65*C (150°F) or 
higher, and also having a high permeability to carbon dioxide, and in 
particular experiencing a loss of carbon dioxide to nonproductive parts 
of the reservoir, is treated by injecting a polyvinyl alcohol- 
glutaraldehyde-water mixture into the wellbore and from the wellbore into 
the reservoir. The mixture contains about 2.5% polyvinyl alcohol having 
an average molecular weight of 125,000 or higher, about 0.1% 
glutaraldehyde, and the remainder a brine having a total dissolved solids 
content of about 50,000 ppm and a hardness of about 5000 ppm. The 
polymer will undergo crosslinking and gel in situ in a period of time 
ranging between several hours to several days depending upon, in part, 
the average in situ temperature. The following examples demonstrate how 
the gels of this invention can be tested and used for reducing the 
permeability of sandstone materials to carbon dioxide and/or carbonic 
acid. 

Example No. 33 

This example demonstrates how to determine the proper gel-forming 
composition for a reservoir experiencing carbon dioxide break through in 
a carbon dioxide flooding operation. Preferably a reservoir brine is 
used to prepare the gel-forming composition; however, if desired a 
synthetic brine which simulates the reservoir brine can be used. A 
useful formulation for a simulated brine is 4.5% NaCl, 0.4% CaCl 2 , and 
0.1% MgCl 2 . The gel-forming composition is prepared by adding about 2.5% 
polyvinyl alcohol having an average molecular weight of about 125,000 to 
the brine and heating the mixture for 45 minutes at 95°C to completely 
dissolve the polymer in the brine. The brine-polymer mixture can then be 
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allowed to cool to room temperature. Just before Injection, about 0.1X 
glutaraldehyde la added to the polyvinyl alcohol-brine mixture to produce 
the gel-forming composition, 

A 60 centimeters (60 cm) long, 5 cm diameter high pressure core 
5 holder Is packed with crushed reservoir rock to form a packed test core 
sample which is then saturated with brine and heated to 70*C. Brine is 
pumped through the core sample at the rate of about 30 cm per day or one 
foot per day (1 FPD) and the pressure drop across the core sample 
determined. Mineral oil having a viscosity of 10 centipoise (lOcp) at 

10 25°C, is then pumped through the core sample at a rate of 30 cm per day 
until no more brine is displaced therefrom. More brine is then pumped 
through the core sample at 30 cm per day, until no more mineral oil is 
displaced therefrom and the pressure drop measured. Brine saturated with 
carbon dioxide is then pumped through the core sample, at 30 cm per day 

15 and the pressure drop determined. Thereafter the freshly mixed gel- 
forming composition is pumped into the core sample at a rate of 30 cm per 
day simultaneously with the flow of carbon dioxide saturated brine, and 
the pressure drop monitored. The gel point occurs when the pressure drop 
rapidly increases. 

20 B*ggple Ho. 34 

A producing well, having an average formation temperature over 65°C, 
is prepared for treatment by running tubing down the wellbore to the 
formation depth. As a precaution, about 16 cubic meters (100 barrels) of 
formation brine is injected into the reservoir to displace any brine, 

2q which may have absorbed substantial amounts of carbon dioxide and could 
act as a crossllnking catalyzing substance, away from the wellbore. 
About 160 cubic meters of the above-described gel-forming composition Is 
injected through the tubing into the formation, or alternatively the gel- 
forming composition is Injected until the pumping pressure increases 

3fl rapidly. This step is then followed by injecting additional formation 
brine into the reservoir to displace the gel-forming composition deeper 
into the formation. The well is shut in for about 48 hours and 
thereafter production resumed. It is expected that a before- treatment 
production of 10 cubic meters per day (10 GMPD) of oil and 50 CMPD of 

35 water will be improved about one month after treatment with the gel- 
forming composition to a production of about 20 CMPD of oil and 20 CMPD 
of water. 

In all of the above illustrative examples for retarding the flow of 
carbon dioxide it is to be understood that the gel-forming composition 
will not gel until it is in contact with a brine which has absorbed 
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substantial amounts of carbon dioxide. Thus affective amounts of other 
acidic catalyzing substances which can promote crosslinklng of the 
polymer and aldehyde are to be excluded from the system. 

The gels, the methods of forming the gels, and the processes for re- 
tarding the flow of carbon dioxide and/or carbonic acid have some degree 
of flexibility. For example, if the environment in which the gels are to 
be used has a relatively high temperature, gel time can be slowed by 
using a smaller amount of the aldehyde or glutaraldehyde. Similarly, if 
the environmental temperature is relatively low, gelation can be speeded 
by the use of larger amounts of the aldehyde. 
Preferred Embodiments for Reducing Steam Loss 

It is preferable to conduct flow tests on core samples of crushed 
rock from the reservoir to be sure that the gel times are not materially 
different from that of neutral rock. The first example demonstrates a 
method for determining gel times. 
Example No. 35 

Since normally fresh soft water is used to produce Injected steam, 
this same water Is preferably used to produce the gel-forming 
composition. Polyvinyl -alcohol having an average molecular weight of 
about 125,000 is added to softened fresh water to produce a 10 percent 
concentration and the mixture is heated to 95°C for 45 minutes to 
completely dissolve the polymer. A high pressure core holder is packed 
with crushed reservoir rock to form a 60 centimeter (60 cm) long, 5 cm 
diameter test core sample. The core sample is then saturated with 
softened water and heated to 230*C in preparation for a flow test. 
Steam, at 230 *C is Injected into the core sample at a rate, based on a 
water equivalence, of 300 cm per day and the pressure drop across the 
core sample measured. The gel-forming composition is prepared by mixing 
24 parts of the thusly prepared 10 percent polymer solution with one part 
by weight of a 50 percent glutaraldehyde solution (commercial grade). 
The gel-forming composition is Injected at a rate of 60 cm per day 
simultaneously with 230 # C steam at a rate, based on a water equivalence, 
of 180 cm per day into the core sample. The gel-forming composition la 
nominally designed for a gel time of 3 hours at 230'C. The variation of 
gel-time from nominal Is an indication of the influence of the reservoir 
rock on reaction rates. 
Example No. 36 

Preferably after determining the optimum gel-forming composition in 
crushed reservoir rock for a given steam channel temperature and a 
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desired gel time, treatment of an injection well experiencing severe 
s teas channeling can be conducted with the PVA-aldehyde gel By a tens of 
this Invention. For example, an injection well having a 15 meter 
reservoir Interval with the top 1.5 meters taking about 90 percent of the 

5 injected steam and the top 3 meters taking about 100 percent of the 

injected steam, and having an average Interval permeability of about 500 
mlllidarcles (500 md) and porosity of about 25 percent, is receiving 
about 130 cubic meters per day (130 CMPD), based on a water equivalence, 
of 230 *C Injected steam at a surface pressure of about 50 kilograms per 
square centimeter gauge (50 kpscg). 

10 An aqueous gel-forming composition, formulated as in Example No. 35, 

is heated to 95 °C In an in-line heater and stored in an Insulated tank 
for about 2 hours. The gel-forming composition is then fed at a rate of 
30 CMPD to an eductor which Is simultaneously receiving 100 CMPD of 
steam, based on water equivalence. The gel-forming composition is 

15 conveyed into the reservoir by the Injected steam for a 12 hour period, 
and thereafter displaced Into the formation with steam at 100 CMPD, based 
on water equivalence, until fully displaced from the wellbore Into the 
reservoir. The well is then shut In for about 24 hours and thereafter 
8 team injection then resumed. It is expected that the top 300 cm of the 

20 interval will receive less than 50 percent of the Injected steam after 
treatment. 
Example Wo. 37 

A producing well, 60 meters from a steam injection well In a steam- 
flood operation, is producing steam and hot water equivalent to 80 CMPD 

25 of water and 10 CMPD of oil. A production survey shows that the top 3 
meters of a 15 meter interval is experiencing steam breakthrough. The 
temperature of the steam at the production point in the producing well is 
125°C whereas the original reservoir temperature was 50°C. The steam 
injection raises the average fluid temperature near the wellbore to 90 °C. 

30 A decision is made to treat the production well by the method of this 
invention. Accordingly, 160 cubic meters of gel-forming composition 
having a concentration of 2.5Z polyvinyl alcohol having an average 
molecular weight of about 125,000 and 0.1* glutaraldehyde , and having a 
pH of 5.5 is prepared for injection into the production well. 

35 Prior to Injection of the gel-forming composition, the producing well 

is shut down and 60 cubic meters of cold produced water is injected into 
the production well at a rate equal to 160 CMPD. Most of the cold water 
enters the steam channels in the top 3 meters of the interval but about 
25% of the cold water enters the bottom 12 meter j thereof. 
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The gel-forming composition Is designed to gel In about 30 hours at 
120°C but to not gel within seven days at a temperature no greater than 
80 # C. The gel-forming composition Is injected over a 24-hour period , and 
then the veil shut in for 24 hours. During this period only gel-forming 
composition In the higher temperature steam channels gels* The veil is 
put back on production and the ungelled composition in the lover 12 
meters of the interval is produced from the production well. It la 
expected that after treatment water production is reduced to 20 CMPD and 
oil production is Increased to 20 CMPD. 
Example No. 38 

A producing veil is on its third cycle of steam injection and the 
results of the second cycle shows a drop in efficiency of oil production 
as compared to the first cycle. Other veils in the field show similar 
results. Evaluation of the formation based on geologic and core data 
indicates a high permeability channel near the bottom of the production 
Interval. A decision is made to plug the high permeability channel with 
the method of this invention. Core sample data shows that a gel-forming 
composition having a concentration of 2.5% of polyvinyl alcohol with an 
average molecular weight of 125,000 and 0.5X glut ar aldehyde forms with 
softened water a gel in 3 hours at a temperature of 230°C. This com- 
position is approximated by preparing a polymer mixture having a 
concentration of 10Z polyvinyl alcohol with an average molecular weight 
of 125,000 and injecting the mixture at a rate of 24 CMPD in a stream of 
injected steam which is injected at a rate equal to 100 CMPD of water. A 
50% glutaraldehyde aqueous solution is Injected at the wellhead at a rate 
of one CMPD. The polymer mixture and aqueous glutaraldehyde solution are 
simultaneously Injected into the wellhead for a period of six hours, 
b tar ting one day after beginning the third steam injection cycle. The 
total steam cycle is continued for 9 days and during that time the gel- 
forming composition and the gel produced therefrom are placed in-depth in 
the steam channels. After about 2.5 days into the third cycle the thusly 
formed gel causes steam to be diverted into parts of the oil-bearing 
structure that had not been swept with steam. Production rates one week 
after stopping steam injection show an Increase in oil and a decrease in 
water production in the third cycle. Production data expected one week 
after stopping steam injection in each of the first three steam cycles is 
as follov8: 

Cycle Oil (CMPD) Water (CMPD) 

First 60 40 

Second 30 80 
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Third 50 50 

The various steam rates mentioned herein are to be understood to be 
expressed as their equivalent water rate whether expressed as a velocity 
5 or voluaetrlc rate. 

Preferred Embodiments for Prepartially Croa slinking Gels 

An oil well having an average in-situ temperature of about 50*C or 
higher, and also having an undesirable amount of water production, is 
treated by injecting a polyvinyl alcohol-glut ar aldehyde-water mixture 
into the wellbore and from the wellbore into the reservoir. The mixture 
contains about 2.5X polyvinyl alcohol having an average molecular weight 
of 125,000 or higher, about 0.5X glutaraldehyde, and the remainder a 
brine from the oil reservoir having a total dissolved solids content of 
about 50,000 and a hardness of about 5,000 ppm. The mixture is preheated 
for A hours at 90°C and then injected into an oil reservoir. 

15 

Crosslinklng is completed and a gel is formed in situ in a period of time 
ranging from about 2 to about 3 days depending upon, in part, the 
alkalinity of the reservoir. The following examples demonstrate how some 
of the gels of this invention can be made and how some formulations will 
not gel upon cooling because of insufficient partial crosslinklng during 
20 preheating at the elevated temperature. 
Example No* 39 

Seven gel-forming compositions were formulated and preheated for 
various times according to the principles of this invention. All seven 
gel-forming compositions were made from a 2 .5% by weight polyvinyl 

25 alcohol solution dissolved in synthetic brine A having a pU of about 7.0. 
Various amounts of glutaraldehyde were then added to the filtered 
samples. The samples were then preheated to, and maintained at, 93°C for 
various predetermined periods of time, and immediately thereafter allow 
to cool to room temperature. The gels were then evaluated at various 

30 specified periods of time after preheating as shown in Table 6* The 
concentration of glutaraldehyde in the gel-forming composition, the 
duration of preheating of the gel-forming composition, and the resulting 
gel quality for the 7 tests, are given in Table 6. Gel quality was 
graded according to the scale as shown in Fig, 7. The seven diagrams in 

35 Fig* 7 represent the appearance of the gel-forming composition as it 

appeared in a 20 ml vial after the vial was turned upside down. The dark 
part represents the gel and the white part an air space in the vial. Gel 
quality ratings are shown under the lower end of each vial in Fig. 7. 
The gel quality rating corresponds to the following gelation states "O" 
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no gel, "2" viscous liquid, "4" flowing gel, "6" soft gel, "8" semi firm 
gel, and "10" firm gel. Sample Nob. 3 and 4 of Table 6 demonstrate the 
principles of this invention. As shown by Sample No. 4, with 4 hours of 
preheating, a gel was formed after about 4 days; whereas as shown by 
5 Sample No. 3 with only 2 hours of preheating no gel was formed. The data 
shows that the gel time can be altered by maintaining the gel at the 
preheat temperature long enough to achieve a predetermined amount of 
partial crossllnklng thereby enabling a full gel to be formed at a lower 
temperature. It is to be understood that the desired amount of 
crossllnklng can be achieved by various combinations of elevated 

10 

temperatures and preheating times. For example, 4 hours of preheating at 
90 # C will produce a certain amount of partial crossllnklng for a given 
gel-forming composition. This same amount of crossllnklng can be 
achieved at lower preheat temperatures with longer preheat times or at 
higher preheat temperatures with shorter preheat times. 
18 Example No. 40 

Fig. 8 is a graph of gel quality as function of time for a gel- 
forming composition consisting of synthetic brine D having 2.5X polyvinyl 
alcohol and 2.0% of glutaraldehyde. Synthetic brine D was prepared by 
adding the following amounts of salts to deionized water and adjusting 



20 the volume to one liter: 

15.0 gr. 

NaHC0 3 0.297 gr. 

SrCl 2 .6H 2 0 0.072 gr. 

HgCl^O 0.788 gr. 

25 CaCl 2 .2H 2 0 1.800 gr. 

KC1 0.186 gr. 

BaCl^BgO 0.072 gr. 



Brine D was filtered through a 0.22 micron filter before using for the 
various tests described herein. 

30 The gel of Curve A was produced by preheating the above-described 

gel-forming composition for 4 hours at 93*C and thereafter allowing it to 
cool to room temperature and gel. A complete gel was formed about 48 
hours after preheating. This is to be compared to Curve B~, which lies 
along the gel-time axis of the graph, which represents the same gel- 

35 forming composition but without preheating. Curve A data points are 

shown by small circles and Curve B data points by 6mall x f s. As shown in 
the graph, without preheating no gel was formed even after about 144 
hours and the composition was given a rating of zero. As shown in Fig. 
7, a gel quality of zero means that no apparent gelation occurred. 

10 
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The polyvinyl alcohol used in formulating the gel-forming composition 
in Example Nos. 2 and 3 was a commercial grade having an average 
molecular weight of about 126,000. 

Example No* 41 

5 This example demonstrates how to determine the relationship between 

the aldehyde concentration in the gel-forming composition, the preheat 
temperature, and the period of time the gel-forming composition is 
maintained at the preheat temperature, for a particular reservoir rock. 
Reservoir injection water (RIW) or reservoir brine is preferably used to 

10 produce the gel-forming composition* Polyvinyl alcohol having an average 
molecular weight of about 125,000 is added to RIW to produce a 2.5Z con- 
centration and the mixture heated to 95 °C for 45 minutes to completely 
dissolve the polymer. 

A high pressure core holder is packed with crushed reservoir rock to 

15 form a 60 centimeters (60 cm) long, 5 cm diameter test core sample. The 
test core sample is saturated with RIW and heated to 50*C in preparation 
for a flow test. RIW, at 50°C is Injected into the core sample at a rate 
of 30 cm per day and the pressure drop across the core sample measured. 
Mineral oil, at 50°C, having a viscosity of 10 centlpoise (10 cp) at 

20 25 *C, is then pumped through the core sample at 30 cm per day until no 

more RIW is displaced therefrom. Additional RIW, at 50°C, is then pumped 
through the core sample at 30 cm per day until no more mineral oil is 
displaced therefrom and the pressure drop is measured. 

The gel-forming composition is prepared by mixing 99 parts of the 

25 thusly prepared 2.5X polymer solution with 1 part by weight of a 50% 

aqueous glut ar aldehyde solution (commercial grade). The thusly prepared 
gel-forming composition is then heated to a preheat temperature of 90°C 
for 2 hours and immediately thereafter injected into the core sample at a 
rate of 30 cm per day until the gel point is reached which is indicated 

30 by a rapid increase in pressure. The actual gel time is compared to the 
nominal gel time in neutral rock. The variation of gel- time from nominal 
is an indication of the Influence of the reservoir rock on cros slinking 
reaction rates. 
Example No. 42 

35 To determine the effect of preheat temperature on the amount of 

partial crosslinking of the polyvinyl alcohol and the glutaraldehyde , the 
test described in Example No. 41 is repeated except the preheat 
temperature is increased from 90 to 100*0. 
Example No. 43 

40 To determine the effect of the length of time of preheating on the 
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amount of partial crossllnklng of the polyvinyl alcohol and the glutar- 
aldehyde, the test described In Example No. 41 la repeated except the 
duration of preheating the gel-forming composition Is Increased from 2 to 
4 hours. 

5 Example Wo, 44 

Preferably after determining the optimum preheat temperature and 
duration to achieve a predetermined amount of partial crossllnklng of the 
gel-forming composition In test core samples of crushed reservoir rock, 
for example as described In Example No. 41, treatment of an Injection 

10 veil experiencing water channeling or loss can be conducted with the 

desired gel-forming composition. For exaaple, an Injection veil having a 
30 meters (30 m) reservoir Interval with the bottom 1.5 m thereof taking 
about 50% of the RIW, the bottom 3 m thereof taking about 75% of the RIW, 
and the bottom 6 m thereof taking about 100% of the RIW, and having an 

15 average Interval permeability of about 200 mlllidarcies (200 md), 

porosity of about 20%, and reservoir temperature of 50°C, Is receiving 
about 160 cubic meters per day (160 CMPD) of RIW at a surface pressure of 
about 20 kilograms per square centimeter gauge (20 kscmg). A 2 .5% 
polyvinyl alcohol aqueous solution, formulated as in Example Ko. 1, is 

2o heated to 95 °C in an in-line heater and stored in an insulated tank for 
• at least about 45 minutes to completely dissolve the polymer. The gel- 
forming composition is formulated from the 2.5% aqueous polymer solution 
and a commercial grade 50% glutaraldehyde aqueous solution as in Example 
No. 3, heated in an in-line heater to a specific temperature, and 

25 injected into the Interval according to the following program, in the 
following sequential order: 

(a) heat 80 cubic meters of the gel-forming composition to 85°C and 
inject at a rate of 160 CMPD, 

(b) heat 80 cubic meters of the gel-forming composition to 90°C and 
30 inject at a rate of 160 CMPD, 

(c) heat 80 cubic meters of the gel-forming composition to 95*C and 
inject at a rate of 160 CMPD, 

(d) heat 80 cubic meters of the gel-forming composition to 100°C and 
Inject at a rate of 160 CMPD, and 

35 (e) displace the gel-forming composition into the interval with RIW 

at a rate oF 160 CMPD without more than one cubic meter of overdisplace- 
ment, i.e., exceeding the volume of the wellbore by no more than one 
cubic meter. 

During steps (a) through (e) 9 the injection pressure is not allowed 
tfO to Increase above the fracture pressure of the reservoir. If it appears 
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that the fracture pressure will be reached at an injection rate of 160 
CMPD, then ttie injection rate is reduced so that the injection pressure 
will not reach the fracture pressure. 

The well ia then shut in for about 2 days, and thereafter water- 

5 flooding is resumed. 

It is expected that the injection surface pressure will Increase to 
about 50 kpscg during treatment, to about 80 kpscg after treatment , that 
the bottom 1.5 m of the interval will take about 10% of the RIW, the 
bottom 3 m about 20%, the bottom 6 m about 25% , the bottom 12 m about 

10 501, with 100% of the RIH entering the entire interval. 

In this embodiment, gel times can be varied by the amount of partial 
crossllnking produced by the preheating step. 
Preferred Embodiments of PVA-PV Aldehyde Gels 

An oil well having an average in-situ temperature of 80°C or higher, 

15 and also having an undesirable amount of water production 9 is treated by 
injecting a polyvinyl alcohol-polyvinyl aldehyde-water mixture into the 
wellbore and from the wellbore into the reservoir. The mixture contains 
about 2.5Z polyvinyl alcohol having an average molecular weight of 
125,000 or higher, from about 0.2 to about 0.5X PV aldehyde, preferably 

20 about 0.3% FV aldehyde, and the remainder of a brine having a total die- 
solved solids content of about 50,000 and 8 hardness of about 5,000 ppm. 
The pH of the gel-forming composition is then adjusted to about 5.5 by 
adding 12% HC1 solution. The polymer will then undergo crossllnking and 
gel in situ in a period of time ranging between several hours to several 

25 days depending upon, in part, the average in situ temperature and amount 
of acid catalyst. The following examples demonstrate how the gels of 
this invention can be tested and used for reducing the permeability of 
reservoirs of the flow of brines. 
Example No. 45 

30 The example shows how to determine the proper gel-forming composition 

for a reservoir experiencing inefficient water usage in a water flood 
operation. Preferably a reservoir brine is used to prepare the gel- 
forming composition, however, if desired a synthetic brine which 
simulates the reservoir brine can be used. A useful formulation for a 

35 simulated brine is 2.7% NaCl, 0.1% CaCl 2 and 0.2% mgCl 2 . The gel-forming 
composition is prepared by adding about 2.5% of polyvinyl alcohol having 
an average molecular weight of about 125,000 and containing about 1.7% of 
its diol groups as 1,2 diols, to the brine, and heating the mixture for 
45 minutes at 95°C to completely dissolve the polymer in the brine. 

tin A 10% PV aldehyde solution is then prepared by adding a low molecular 
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Wight polyvinyl alcohol having an average molecular weight of .bout 
30.000 and containing .bout 10X of it. diol group. .. i, 2 diol. to 
..other quwtity of brine and heating the mixture at 95*C for 45 minutes 
to c„pl.tely di..olve the poly^r in the brine. To the mixture i. then 
•dded IX hydrogen peroxide solution confining 0.1X CuS0..51L0, a. . 
catalyst, at a 50:50 r.tio with the 10X polyvinyl alcohol aoLion. The 
thuely formed mature i. then hcted for 45 minute, .t 9S»C. The 
hydrogen peroxide reect. with the low moleculer weight polyvinyl .Icohol 
to produce . 5X PV ald.hyde .oiution. Just before it. u... the 5X PV 
aldehyde solution i. nixed at .concentration of 0.5X in the 2.5X poly- 
vinyl .Icohol-brine mixture to produce the gel-forming mixture 

A 60 centimeter. (60 cm) long. 5 cm diameter high pressure core 
holder i. p.cked with cru.hed re.ervoir rock to form . packed te.t core 
...pie which i. then ..tur.ted with brine and heated to 80'C. Brine 1. 
then pumped through the core sample at a rat. of about 30 cm per day or 
on. foot per d.y ( 1KPD ) „« tha pre88ure drop ^ ^ 

determined. Mineral oil having a vi.co.ity of 10 centipoiee (10 cp) at 
25 C i. then pumped through the cor. sample at 30 cm per d.y until no 
more brine i. displaced therefrom. Additional brine i. then pumped 
through the core .ample at 30 cm per d.y until no more miner.l oil i. 
displaced therefrom .nd the preseure drop me.sured. Thereafter, the 
freshly mixed gel-forming composition i. pumped into the core sample at 
30 cm per day until the gel point ia reached which is indicated by a 
rapid increase in pressure. A gel time of about 30 hours is desired. 
25 Example No. 46 

A producing well, having an .verage formation temper.ture about 93'C 
i. prepared for treatment by running tubing down the wellbore to the 
formation depth. About 160 cubic meters of a gel-forming composition 
containing 2.5X polyvinyl alcohol and 0.5X PV aldehyde having on the 
-ver.ge about 40 carbon atoms per PV aldehyde molecule, is injected 
through the tubing into the formation. The well is then shut-in for 
.bout 48 hours and thereafter production i. resumed. After about one 
month a reduction in water pressure of about 60X and an increase in oil 
production of about 20X is to be expected. 
Preferred Embodiments f or Preventin g Loss Circuit™ 

Another object of this invention is to provide a gel which is quick 
setting so that it can be used to stop the loss of circulating fluids 
such as drilling, completion and workover fluids. 

In one embodiment the gel-forming mixture ir "first formed at or near 
the point of lost circulation in the wellbore by injecting one of the 
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components of the gel-forming mixture separately into the formation 
adjacent or near the point of lost circulation. Tor example, the acidic 
catalyst by Itself or mixed with the aldehyde, or the aldehyde by itself 
can be injected into the formation through a separate tubing run down the 

5 wellbore adjacent to, or near, the point of lost circulation. The 

aqueous solution of PVA based substance can be introduced directly into 
the wellbore or in another separate tubing the outlet of which is adja- 
cent to the point of loss circulation. The two separate streams meet and 
mix for the first time adjacent to, or near, the point of lost circu- 

10 lation. In the fast setting gel-forming composition of this Invention 
Isolation of any one of the three components, i.e., aldehyde, acidic 
catalyst, or PVA based substance, from the other two components will 
prevent the Initiation of the crosslinking and hence gelation reaction. 
Example No. 47 

15 This example demonstrates how to determine the relationship between 

the aldehyde concentration and the pH of the gel-forming composition and 
the gel time thereof in a particular reservoir rock associated with a 
well experiencing a loss of circulation fluid. Reservoir injection water 
(RIW) or reservoir brine is preferably used to produce the gel-forming 

20 composition. Polyvinyl alcohol having an average molecular weight of 
about 125,000 is added to R1W to produce a 3X concentration and the 
mixture heated to 95°C for 45 minutes to completely dissolve the polymer. 
The pH of the mixture is adjusted to 5.0 by the addition of 12Z HC1 
solution. 

25 A high pressure core holder is packed with crushed reservoir rock to 

form a 60 centimeters (60 cm) long, 5 cm diameter test core sample. The 
test core sample is saturated with RIW and heated to 90°C in preparation 
for a flow test. RIW, at 90 P C, is injected into the core sample at a 
rate of 30 cm per day and the pressure drop across the core sample mea- 
sured. Mineral oil, at 90°C, having a viscosity of 10 centipoise (10 cp) 
at 25 P C, is then pumped through the core sample at 30 cm per day until no 
more RIW is displaced therefrom. Additional RIW, at 90°C, is then pumped 
through the core sample at 30 cm per day until no more mineral oil is 
displaced therefrom and the pressure drop measured. 

The gel-forming composition is prepared by mixing 24 parts of the 
thusly prepared 3Z polymer solution with one part by weight of a 50Z 
aqueous glutar aldehyde solution (commercial grade) in a mixing tee 
located at the inlet of the high pressure core holders. The gel-forming 
composition is thereafter injected into the core sample immediately after 
its formation. The injection rate is 30 cm per day until the gel point 
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Is reached which Is indicated by a rapid Increase in pressure. The 
actual gel time is compared to the nominal gel time la neutral rock. The 
variation of gel-time from nominal Is an indication of the Influence of 
the reservoir rock on crossllnklng reaction rates. 
Example Ho. 48 

Preferably after determining the effective aldehyde concentration and 
pH of the gel-forming composition in core samples of crushed reservoir 
rock, for example as described in Example Ho. 47, treatment of a well 
experiencing a loas of circulation fluid can be conducted with a gel- 
forming composition which is effective for stopping the loss of circu- 
lation fluid. For example, in a well having a temperature of about 90*C 
snd experiencing a loss of circulation fluid to a 30 cm interval at the 
2700 meter (2700 m) depth, the end of the drill pipe la set adjacent the 
30 cm interval at the 2700 m depth. Separate tubing is slso set opposite 
the 30 cm interval. 

A 3X polyvinyl alcohol B1W mixture having its pB adjusted to 5.0 is 
Injected into the wellbore at a rate of about 20 cubic meters per hour 
(20 CMPH) until 160 cubic meters Is injected. Simultaneously with the 
injection of the polymer mixture, a 50X aqueous glutaraldehyde solution 
(commercial grade) Is injected into the separate tubing at a rate which 
corresponds to the effective glutaraldehyde concentrate determined in a 
core sample of crushed reservoir rock, or alternatively at a predeter- 
mined rate which corresponds to a predetermined ratio of glutaraldehyde 
to polyvinyl alcohol. For exsaple the glutaraldehyde can be injected at 
a rate of about 0.83 CMPH. 

If after injection of 80 cubic meters of the gel-forming composition 
the pressure has not increased substsntially, then to the remaining 80 
cubic meters of polymer mixture, is added about 0.04 cubic meters of a 
bridging agent. Nonlimiting examples of bridging agents are diatomaceous 
earth, wax beads, crushed walnut shells, and other plugging agents. 

At any point in the plugging operation, when the injection pressure 
Increases rapidly indicating that plugging of the 30 cm interval has been 
completed, the injection of gel-forming aqueous solutions into the 
formation is stopped and the gel-forming mixture is displaced into the 
formation with no more than about 0.5 cubic meters of brine of over dis- 
placement. 

The gel-forming composition is formulated so that it will gel within 
5 minutes after entering the lost circulation interval. The first part 
of the formed gel is pushed away from the wellbore in-depth into the 
interval. This process is repeated with subsequently formed gel segments 
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until sufficient gel is formed in the entire Interval and the injection 
pressures for the aqueous mixtures Increase rapidly. Even though the 
mixture is designed to gel rapidly, several hours of Injection will 
probably be required in order to inject all of the mixtures necessary to 
5 completely plug the interval. In most cases , about 80 to 160 cubic 

meters of gel-forming composition is required. After plugging the lost 
circulation interval, the drilling operation can be resumed. 
Preferred Embodiments for Combination Process 
Example Ko. 49 

10 This example demonstrates how to determine the relationship between 

the gel-forming composition and the pB and gel-time thereof in a parti- 
cular reservoir rock associated with a well experiencing water channeling 
in a water flood operation. Reservoir injection water (RIW) or reservoir 
brine is preferably used to produce the gel-forming composition. Poly- 

15 vinyl alcohol having an average molecular weight of about 125,000 is 
added to RIW to produce a 2.5Z concentration and the mixture heated to 
95*C for 45 minutes to completely dissolve the polymer. 

A reservoir test core sample 60 centimeters (60 cm) long, and 0*8 cm 
in diameter is yrapped with Teflon* tape and saturated with RIW. A 0.4 

20 cm hole is drilled in the core along its axis thereby producing an annu- 
lar core sample of reservoir rock. A porous distribution disk is sealed 
to one end of the annular core sample with Teflon" tape. The central 
cylindrical cavity of the annular core sample is then packed with crushed 
reservoir rock and packed annular core sample with attached distribution 

25 disk is inserted into a tightly fitted heat shrlnkable Teflon" tube and 
the tube sealed. The packed central column represents a zone of high 
permeability and the annular core a zone of low permeability. The core 
unit is then mounted in an overburden cell, saturated by RIW and heated 
to 90°C in preparation for a flow test. RIW, at 90°C, is injected into 

3D the core sample at a rate of 30 cm per day and the pressure drop across 
the core sample measured. Mineral oil, at 90°C, having a viscosity of 10 
centipoise (10 cp) at 25°C, is then pumped through the core sample at 30 
cm per day until no more RIW is displaced therefrom. Additional RIW, at 
90 °C, is then pumped through the core sample at 30 cm per day until no 

35 more mineral oil is displaced therefrom and the pressure drop measured. 
The gel-forming composition is prepared by mixing 99 parts of the 
thusly prepared 2.5Z polymer solution with one part by weight of a 50% 
aqueous glu tar aldehyde solution (commercial grade) and the pH adjusted to 
4.0. by the addition of 12% of HC1 solution. Preferably the amount of 

t|Q glutaraldehyde and the pH of the composition is designed to gel in about 
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3 hours. 

The thusly formed gel-forming composition, at 90«C, Is then injected 
into the packed core sample at a rate of 150 cm per day until the gel 
point is rescued which is indicted by . r.pid increase in pressure drop 
•cross the core sample. At this point the packed colun of crushed 
reservoir rock has been plugged while the annular core sampla haa „ot. 
RIW. St 90'C, la Injected into the core sample at a rate of 30 cm per day 
end the pressure drop measured. The ratio of the pressure drops across 
the core .ample before treatment with the gel-forming composition and 
ef ter treatment and geletloo is an indication of the effectiveness of the 
plugging procedure. Accordingly, the higher such retios are more 
effective In the plugging operation. 

The low permeability of the annular core sample i. now increased by 
injecting a 3X HCl aqueous solution into the core ...pi. .t . . t ..dy flow 
rate until a significant decrease in pressure drop occurs. RIW, .t 9 0 »C 
is then injected at a r.te of 30 cm per day and the pressure drop again ' 
measured. The effectiveness of the acidising step is indicted by the 
reduction in pressure drop across the sample. 
gxjmple Ho. SO 

Preferably after determining the effective gel-forming composition 
.nd p H thereof in core —pie. as de.cribed in Rumple No. 49. treatment 
of a reservoir experiencing mater channeling in materflooding can be 
conducted with a gel-forming composition which is effective for reducing 
water flow in high permeability channels. The reservoir has a 
temperature of 90»C. an average permeability of 200 millidarcies (200 md) 
end e porosity of 20Z, and before treatment is experiencing a RIW 
injection rate of 32 cubic meters per day (32 CMPD) at an injection 
surface pressure of 70 kilogram, per square cntimeter gauge (70 k.cmg) 
or 1000 psig. Before treatment, approximately SOX of the RIW is entering 
the bottom 25 cm of a 470 cm interval. 75X of the bottom 50 cm of the 
interval, and about 100X of the bottom 100 cm of the interval. 

A 2.5X polyvinyl alcohol aqueous solution, formulated as In Example 
No. 49. is heated to 95'C in an in-line hcter and stored In an Insulated 
tank for at least 45 minutes to completely dissolve the polymer. The 
gel-forming composition is prepared as in Example Ho. 49 by mixing 99 
part, of the polymer solution with one part by weight of a SOX aqueous 
glutaraldehyde solution and the pB adjusted to 4.0. About 100 cubic 
meters of the gel-forming mixture is injected into the injection well at 
• steady rate over a period of three days. The gel-forming composition 
is then displaced into the reservoir preferably with no more than about 
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one cubic meter of RIW over displacement. The well is then shut in for 
about two days which is then followed by acidizing. Acidising is 
accomplished by injecting 7.6 cubic meters or 2000 gallons of 3Z BC1 
solution. The acidising solution is followed by resumption of the water- 

5 flood operation. 

It is expected that the combined process of retarding water flow in 
the high permeability channels with the gel-forming composition and 
increasing the permeability of the low permeable channels with the 
subsequent acidising step will reduce the injection surface pressure to 

10 about 35 kscmg, increase the RIW injection rate to about 160 cubic meters 
per day, and provide an Improved injection profile in the 470 cm Interval 
such that about 10X of the RIW enter the bottom 25 cm of the interval , 
201 the bottom 50 cm, 25X the bottom 100 cm, 50Z the bottom 200 cm, and 
100Z the total Interval. 

15 

Unless otherwise specified herein, all percents are weight per cents. 
The gels, the methods of forming the gels, and the processes for 
retarding the flow of fluids have some degree of flexibility. For 
example, if the environment in which the gels are to be used has a 

20 relatively high temperature, gel time can be slowed by using a smaller 
amount of aldehyde or acidic catalyst. Similarly, if the environmental 
temperature is relatively low, gelation can be speeded by the use of 
.larger amounts of aldehyde or acidic catalyst. It is permissible to use 
the formation brine of the subterranean zone as the water part of the 

25 gel-forming composition since the gel will form even with hard water. 

Other variations of formulations, methods and processes will be apparent 
from this invention to those skilled in the art. 

The foregoing disclosure and description of the present invention is 
Illustrative and explanatory thereof and various changes in gel formation 

30 procedures and gel composition as well as the uses and applications of 
such gels to form them in situ in subterranean formations and to retard 
or block fluids in subterranean formations may be made within the scope 
of the appending claims without departing from the spirit of the in- 
vention. For example, many gel formulations can be produced and many 

35 methods of forming such gels in situ in subterranean formations will be 
apparent to one skilled in the art of this invention. For example, any 
number of sequential Injection steps of the gel-forming compositions can 
be made. Furthermore, the necessary concentrations, amounts and sequence 
of injection of the gel-forming compositions can be tailored to suit the 

qo particular well or subterranean formation being treated. 
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TABLE 3 
(Example Ho. 19) 
Gel Formation at 127 # C 

Gel Forming Fluid Composition (vtt) 

98.51 2.5 wtX polyvinyl alcohol In Brine C 

°-97 Glacial acetic acid 

°-34 — Sodium acetate trlhydrate 
0,18 — Malonaldehyde-biadimethylacetal 
X of Initial Permeability 
vs 

Time Lapsed After Gelation 

Time 

Permeability 

(day. .fter geUtlon) « of inltiU permeability 

before treatment with gel 





forming fluids) 


1 




6.1 


2 






13.1 


3 






16.9 


6 






19.8 


7 






21.3 


8 




17.2 


9 






20.6 


10 




18.0 


13 




21.9 


15 


21.9 


16 






22.5 


17 






25.3 


20 




25.3 


35 




32 


36 






25 


37 




26 


38 


28 


41 


27 


42 


29 


43 






85 


45 


70 



70 
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TABLE 4 
(Example No. 20) 
Gel Formation at 82 P0 C 

Gel Forming Fluid Composition (wtZ) 

99.13 2.5 wtX polyvinyl alcohol in Brine C 

0.12 25X aqueous glutar aldehyde 

0.75 — Glacial acetic acid 

X of Initial Permeability 
ve 

Time Lapsed After Gelation 

Time Permeability 
(days after gelation) (Z of initial permeability 

before treatment with gel 





forming fluids) 


1 
1 


1.3 


2 


1.3 


3 


1.8 


4 


1.7 


8 


2.8 


9 


2.8 


10 


2.0 


14 


2.5 


15 


2.7 


17 


4.4 


22 


5.3 


23 


4.9 


24 


4.7 


25 


5.5 


29 


7.8 


31 


7.5 


35 


8.3 


37 


7.3 


39 


9.6 


42 


8.1 


43 


9.5 


44 


7.8 


46 


9.3 
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11.9 


50 


11.6 


56 


7.1 


57 


7.8 


58 


9.6 


59 


9.1 


63 


5.4 


64 


9.8 


65 


fi ft 

0*0 


66 


8.0 


70 


9.2 


72 


10.2 


73 


9.8 


74 


7.2 


78 


0 A 


fin 
BO 




9.2 


fll 
ox 


'4.9 


84 


4.7 


87 


4.9 


89 




S.7 


94 






5.9 


99 






5.7 


102 


5.2 
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TABLE 6 



S«ple 
Ho. 

(2 GA) 



1 2 3 4 5 6 7 

5 5 2 2 1 1 1 



Preheating 

Time<hr 8 ) 2 * 2 4 2 4 6.5 



Tine After 
Preheating 

(hrs ) Gel Quality R ating (See Fig. 7) 



3.75 10 " 0 

4.1 10 10 0 2 

5.5 10 10 6 6 

6.5 10 10 0 6 

22.5 10 10 0 0 

29.5 10 10 0 6 

47.5 10 10 0 - 10 

73 10 10 0 10 



360 



412 432 962 
O.V. O.V. 10 O.V. 2 10 10 



O.V. means original volume of the gel 
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CLAIMS 
I. 



10 



IS 



•...J r!i r rB8ot,nfl under 8cw,c c ° nd,t,ona - - 

"tacted from the group cone^ng of po,yv,ny, e.coho«. . po^ny, eIcono , 

afcbhyde and water. W hara,„ sa.d water prov.de. at .east about M , a, 
» the weight of said gal. or 

2. A gal accord.n fl to Claim I. wherein ea.d a.dehyde la a dle.dehyde. 

L * aCCOrQlnfl 10 C,a ' m * WhBre,n MW '« "'-ted 

f om the group cona.at.ng of g.yoxal. m.loneldehyde. succ.na.dehvde 

m oT* ad,pa,d8hydfc md m,xtu ™ — * 255 

Bb0Ut °- 05 to *«* °* of the weight of eeld gel. 

A gel eooordlng to Clelma I. 2 or 3. wherein said f.ra, eubetence 

r::;;: r B r ny ' a,coM — - - » - — « - 

«. A gel formed by reacting, under ecld.o condition* a first aubatanoe 

at I" 9 , "T nkab ' B 6 ' tB8 6B ' 0Cted '™ «* — cons.st.ng of 
alcohol, polyvinyl alooho, copolymer, and mlxturee thereof, a ^ 
stance comprising an a.dahyde. the amount of se.d e.dehyd. ZT a 
55^ bT T 8t ° ,Chi0 ^«V « -re than about B* of aa d 

* .r::;::" - tint - - — — - sa, 

»• A ga, according to Calm 5. wherein aald aldehyde ,e a dlaldehyde. 

30 I ,/ fl !' aCCOrd, " fl 8CC ° rd,nfl l ° 0lalm 5 - «. wherem se.d water 
30 provides at , east about W of the weight of aald gel. 

litel'l aCCOr0,nfl 10 C,B ' m 2 ' 3 ° f " Whero '" - *™™ — 
d aldehyde „ so adjusted that sto.oh.ometr.cal.y no .ore than about 8* 

of the crossUnkable sites of said polyvinyl B lr„h„. 

* w.thsa,dd» al dehyde. * ° h °' ° 8 CrOS8 "" kcd 
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0* A get according to Claims 5. 6* 7 or B, wherein Bald amount of 
said aldehyde ia adjusted so that atolchlometrlcally no more then about 
1% of said crosalinkable sites of said first substance can be crosslinked 
with said aldehyde. 

5 

10. A gel eccordlng to Claim 0. wherein said amount of said aldehyde 
is adjusted so thet stoichlometrlcalfy no more than about 2% of eaid 
crosalinkable siteB of said first substance can be crosslinked with said 
aldehyde. 

10 

11. A gel according to Claim 10. wherein said amount of said eldehyde 
is adjusted so that stolchiometricelly no more then ebout \% of said 
crosslinkeble sites of seid first substance can be crosslinked with said 
aldehyde. 

12. A gel acording to any one of the preceding claims, further comprising 
treating said gel with a basic substance. 

13. A gel according to any one of the preceding claims, wherein said 
20 water has a pH between ebout 2 and less than 7. 

1*1. A process of forming. In situ, e gel in voids of e subterranean 
formation comprising: Introducing an aqueous solution which comprises 
a first substance selected from the group consisting of polyvinyl alcohol. 
25 polyvinyl elcohol copolymer, and mixtures thereof.into the voids of a 
subterranean formation; Introducing a second substance comprising an 
eldehyde into said voids; and forming a get in said voids by the reection 
of said aqueous solution with said second substance under acidic conditions. 

30 15. A process according to Claim 14. wherein said aldehyde is e 
dialdehyde. 

16. A process according to Claim 11 or Claim 15. wherein the water 
of said aqueous solution end of said second substance provides at least 
35 about 6*1% of the weight of said gel. 
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18 



25 



30 



38 



75 
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A process eccordln B to Calm !«,. 15 or 16. wherein said polyvinyl 
said dlaldahyde Is about 0.005 to about HX of tha weight of said gal. 

IB. A process accordln fl to Clafm M. ,5. 16 or 17. wharaln said first 
aubstenc. ,e a polyvinyl a.coho, hav «n fl an evereg. mo.eculer weight of 
et least about 100.000. 

18. A process according to Claim 15. 16. 17 or 18. wherein said second 
-ubatance la a dleldehyde. aald dlaldahyde ba.ng selected from the group 
consisting of glyoxel. me.one.dehyde. succlneldehyde. glutere.dahyde. 
adlpaldehyda. and mixtures thereof. 

20. A process eccord.ng to any one of Calm. 14 t „ ,g. further 
comprising. Introducing a third substance comprising an ecldlo catalyst 
Into said voids; end forming a ga, ,n aald voids by tha reaction of seld 
aqueous solution with seld second eubstence In the presence of se.d third 
substance. 



20 21. 



21. A process eccording to Ce.m 20. wherein the combined water 
of aald aqueous aolutlon. said second substance and safd third substance 
provides at least ebout 64% of the weight of seld gel. 

22. A process seconding to Clelm 20 or 21. wherein said third substance 

^Jr VBd H 7" Cat8,ySt M ' BCtBd fr ° m thB ^ con8,e ""° °< 
dlacetfn, end mixtures thereof. 

23. A process for rstsrd.ng the flow of f, uId ,„ a miltmrmmm formatton 
comprising Introducing sn effective emount of e gel-formlng composition 
Into a subterranean formation, ssld ge.-formlng composition being operable 
when gelled In said fluid for retarding the flow of fluid thsreln. said gel- 

ormlng composition being formable Into e gel. under aoldlc conditions, 
from en squeous so.utlon comprising e first substsnce sslected from the 
oroup consisting of polyvinyl elcohol. a polyvinyl a,coho, end mixtures 
thereof, end a second substence comprising en aldehyde. 

21. A process eccording to Clelm 23. whsreln said equsous solution 
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and said aldehyde are allowed to react In said formation under acidic - 
conditions and to form a gel therein which ia effective for retarding the 
flow of fluid in said formation. 

5 25. A process according to Claim 23 or 24. when used for retarding 
the flow of fluid while producing hydrocarbons from subterranean 
hydrocarbon producing formation* wherein said gel forming composition 
Is Introduced Into a subterranean fluid-conveying zone, which Is In fluid 
communication with a subterranean hydrocarbon-producing formation* 

10 said gal-forming composition being operable whan gelled in said 
subterranean fluid-conveying zone for retarding the flow of fluid therein* 
said aqueous solution and said aldehyde being allowed to react under acidic 
conditions In said subterranean fluid-conveying zone to form a gal therein 
which Is operable for retarding the flow of fluid in said subterranean fluid- 

15 conveying zone end retarding the production of fluid when producing 
hydrocarbons from said hydrocarbon-producing formation, and producing 
hydrocarbons and retarding the production of fluid from said subterranean 
hydrocarbon-producing formation. 

20 26. A process according to Claim 24, wherein said second substance 
is a diaidahydB. 

27. A process according to any one of Claims 22 to 28. wherein the 
water of said gel-forming composition provides at least 64% of the weight 

25 of said gel. 

28. A process according to any one of Claims 23 to 27. wherein said 
first substance Is an aqueous solution of a polyvinyl alcohol having an 
average molecular weight of at least 100,000. 

30 

30. A process according to Claim 28 or 29, wherein the amount of 
said polyvinyl alcohol is about 0.1 to about 5% of said gel. the amount 
of said dialdehyde Is about 0.005 to about 4% of the weight of said gal. 
and wherein the water of ssid gel-forming composition provides at least 
35 about 84% of the weight of said gel. 



31. A process according to any one of Claims 23 to 30. wherein said 
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aqueous solution end seld second substence ere Introduced Into sold voids 
In one time period, end a third substence comprising en acidic cetelyst 
Is Introduced Into seld voids In enother time period which is different 
from said first mentioned time period. 



32. 



'» voids. 



A process according to any one of Claims 23 to 30. wherein sold 
aqueous solution Is Introduced Into said voids In one time period and said 
second substence end a third substance comprising en acidic catalyst, 
ara Introduced Into said voids In another time period which is different 
from said first mentioned time period. 

33. A process according to any one of Claims 23 to 30. furthsr comprising 
mixing said aqueous solution, said second substance, and a third substence. 
comprising en ecldio catalyst, togsther before Introducing them Into aald . 



31. A process according to any one of Clelme 23 to 33. wherein said 
acidic catalyst is selected from the group consisting of acetin. dlacetln. 
and mixtures thereof. 

35. A process according to any one of Clelms 23 to 34. wherein seld 
ecldlc cetelyst is e deleyed action catalyst. 

36. A process according to any one of Claims 23 to 35. wherein said 
equeous solution hss e pH between ebout 2 and lesB then 7. 

37. A process according to any one of Claims 23 to 3B. wherein said 
weter hss a pH between about 2 and about 5. 

38. A process for retarding the flow of fluid in e subterreneen formation 
comprising: Introducing an effective amount of gel-forming composition 
into a subterranean formation, said gel-forming composition being opereble 
when galled in said formetlon for retsrdlng the flow of fluid therein, seid 
gel-forming composition comprising an aqueous solution comprising a 
first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, end mixtures thereof, and an amount of 
glutereldehyde which is operable for promoting crosslinklng of seld first 



0188856 

7B 



substance and gtutaraldehyde under weakly acidic conditions; and allowing 
said gal-forming composition to form a gel In said subterranean formation, 
which gel is effective for retarding the flow of fluid therein. 

39. A process for recovery of oil from a subterranean formation and 
retarding the flow of fluid therein, comprising: introducing an effective 
amount of a gel-forming composition into an oil-bearing subterranean 
formation, said gelforming composition being operable when gelled in 
said formation for retarding the flow of fluid therein, said gel-forming 
composition comprising an aqueous solution of a polyvinyl elcohol having 
an average molecular weight of at least 30,000 and an amount of 
glutaraldehyde which is opereble for promoting crosslinking of said polyvinyl 
alcohol and glutaraldehyde when said gel-forming composition hes a pH 
from ebout more than 5 to less than 7. wherein said gel-forming composition 
is at least about 04 weight percent water; allowing said gel-forming 
composition to form a gel In said subterranean formation which is effective 
for retarding the flow of fluid therein; and after said gel is formed in 
said subterranean formation recovering oil from said formation. 

40. A process according to Claim 38 or Claim 39. wherein, other than 
glutaraldehyde and acidic products produced in said gel-forming composition 
from said glutaraldehyde, said gel-forming composition, prior to the geletion 
thereof, is substantially free of effective amounts of crosslinking catalyzing 
substances which are operable for promoting substantial acidic catalysis 
of a crosslinking reaction between said polyvinyl alcohol and glutaraldehyde; 
end wherein ssid gel Is formed in said subterreneen formation without 
contacting said gel-forming composition with any additional effective 
amounts of a crosslinking catalyzing substance, 

41. A process according to Claim 38 or 40, wherein said subterranean 
formation has a reservoir brine having a pH higher than 7, and further 
comprising the steps of recovering a predetermined amount of said reservoir ' 
brine end adjusting the pH thereof to a value greater than 5 to less than 

7 thereby forming an adjusted brine, and using said adjusted brine as a 
solvent for said polyvinyl alcohol to form said aqueous solution thereof, 

42. A process according to any one of Claims 38 to 41, wherein the 
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amount or said glutaraldshyde is from about 0.15 to about 1 weight percent 
of said gel-forming composition. 

*I3. A process according to any one of Claims 36 to H2. wherein said 
S amount of said giutaraldehyde Is sufficient to maintain the pH of said 
gel-forming composition from about 5.5 to about 5.5. 

W. A process according to any ona of Claims 38 to <I3. further comprising 
preventing the Introduction into said subterranean formation of an effective 

10 amount of a crossllnking catalyzing substance which Is not giutaraldehyde 
under conditions which are operable for causing substantial contacting 
of said crossllnking catalyzing substance with said gel-forming composition, 
wherein said crossllnking catalyzing substance Is operable for promoting 
substantial acidic catalysis of a crossllnking reaction between said polyvinyl 

15 alcohol and giutaraldehyde. 

45. A process according to any one of Claims 3B to HH wherein said 
subterranean formation comprises a substantial amount of basic material 
which when contacting said gal-forming composition will increase the 
20 pH thereof, and wherein said amount of giutaraldehyde in said gel-forming 
composition is sufficient to maintain the acidity of said gel-forming 
composition, after its introduction Into said subterranean formation, at 
a pH of from about 5.5 to 8.5. 

r 

28 18. A process according to any one of Claims 38 to «I5. wherein the 
amount of said giutaraldehyde Is operable for causing said ge!-formlng 
composition to gel In said subterranean formation In a period of time 
from about one half to about three days after introducing said gel-forming 
composition Into said subterranean formation. 

10 

47. A process according to Claim 38. or any claim dependent thereon, 
wherein said gal-forming composition has a pH of greater than 5 and less 
than 7. 



35 



MB. A gel formed from a gel-forming composition comprising: a first 
substance selected from a group consisting of polyvinyl alcohol, a polyvinyl 
alcohol copolymer, end mixtures thereof, an amount of giutaraldehyde 
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sufficient to crosslink with said first substance, and an amount of water 
sufficient to provide at least about 61% of the weight of said gel-forming 
composition and wherein said amount of said glutaraldehyde is sufficient 
to cause said gel-forming composition to have a pH from greater than 
5 5 to less than 7. 

10. A gel according to Claim IB, wherein, except for said glutaraldehyde 
and acidic products produced in said gel-forming composition from seid 
glutaraldehyde, said gel-forming composition Is substantially free of 
10 effective amounts of crossllnking catalyzing substances which are opereble 
for promoting substantial acidic catalysis of a crosslinking reaction between 
said first substance and glutaraldehyde. 

50. A gel according to Cleim 48 or MO, wherein the amount of said 
15 glutaraldehyde Is from about 0.15 to about <t% of the weight of said 

gel-forming composition. 

51. A gel according to Claim 48, wherein 8 reservoir brine having a 
pH higher than 7 is adjusted to a pH from greater than 5 to less than 7, 

20 thereby forming an adjustable brine, and wherein said adjusted brine 
provides said amount of said water used to form said gelformlng 
composition. 

52. A gel formed from a gel-forming composition comprising: e polyvinyl 
25 elcohot having a molecular weight of et least about 30,000, an amount 

of glutaraldehyde sufficient to crosslink with said polyvinyl alcohol, and 
an amount of a brine sufficient to provide at least ebout 01% of the weight 
of said get-forming composition, and wherein aaid brine has a pH from 
greater than 5 to less than 7. 

30 

53. A gel according to Claim 52. wherein said amount of glutaraldehyde 
Is from about 0.15 to about 1% of the weight of said gel-forming 
composition, wherein said polyvinyl alcohol Is from about 1.5 to about 
5% of the weight of said gel-forming composition, and wherein said brine 

35 has a pH from about 5.5 to about 8.5. 

54. A gel according to any one of Claims 18 to 53. wherein the emount 
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of eeid gfutaraldehyde Is operable for causing said gel-forming composition, 
when maintained at a predetermined eleveted temperature, to gel In a 
period of time from about one half to about three days after said gel- 
forming composition Is formed. 

5 

55. In a subterranean formation having channels which have a high 
permeability to the flow of fluids, a process for retarding fluid flow In 
said channels comprising: providing a gel-forming composition which when 
substantially completely gelled in said high permeability channels Is operable 
10 for retarding fluid flow therein, said gel-forming composition comprising 
an aqueous solution comprising a first substance selected from the group 
consisting of polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures 
thereof, and an effective amount of aldehyde sufficient to form a gel 
with said aqueous solution when said gel-forming composition Is acidic: 
heating at least a first part of said gel-forming composition to a first 
preheat temperature which is higher than the average In situ temperature 
of said subterranean formation; maintaining said gel-forming composition 
at said preheat temperature for a first predetermined period of time 
sufficient to effect a predetermined first amount of partial crosallnklng 
20 of said gel-forming composition thereby producing a partially crosslinked 
composition; introducing said partially crosslinked composition Into said 
high permeability channels; and allowing said partially crosslinked 
composition to form a gel which is at least substantially completely gelled 
In said high permeability channels thereby retarding fluid flow in said 
25 channels. 

58. A process according to Claim 55. wherein Baid gel-forming 
composition will not form a gel within a second predetermined period 
of time not greater than about 5 days at said average In situ temperature 
unless said gel-forming composition is heated to said preheat temperature 
for e length of time at least as long as said first predetermined period 
of time. 

57. A process according to Claim 55 or 55. wherein said first 
35 predetermined amount of partial crosslinked Is sufficient to cause said 
partially crosslinked composition substantially completely to gel in said 
high permeability channels within a predetermined length of time. 
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56. A process according to Claim 57. wherein said predetermined length 
of time ia no greater than about 5 days. 

50. A process according to Claim 58, wherein said predetermined length 
5 of time is at least about % a day. 

60. A process according to any one of Claims 55 to 59. further 
comprising: heating .a second part of said gel-forming composition to 
a second preheat temperature which is higher than said average in situ 

10 temperature of said subterranean formation; maintaining said second 
part of said gel-forming composition at said second preheat temperature 
for a second period of tima sufficient to effect a second predetermined 
amount of partial crossllnking of said gel-forming composition which Is 
greater than said perdetermined first amount of partial crossllnking* thereby 

15 producing a higher partially crosslinked composition; Introducing said 
higher partially crosslinked composition Into said high permeability channels 
after Introducing said partially crosslinked composition; and allowing 
said higher crosslinked gelled composition to form a gel which is at least 
substantially completely gelled in said high permeability channels In back 

20 of said partially crosslinked composition allowed to form a gel therein, 
thereby further retarding fluid flow in said channels. 

61. A process according to Claim 60. wherein said predetermined first 
amount of partial crossllnking is sufficient to cause said partially crosslinked 

25 composition to gel substantially completely in said high permeability 
channels within a first perdetermined length of time; and wherein said 
second predetermined amount of partial crossllnking (a sufficient to cause 
said higher partially crosslinked composition to gel substantially completely 
in said high permeability channels within a second predetermined length 

30 of time which is less than said first predetermined length of time. 

62. A process according to Claim 61. wherein said first predetermined 
length of time is no greater than about 5 days; and wherein said second 
predetermined length of time Is no greater then about 3 days. 

35 

63. A process according to Claims 62. wherein said first predetermined 
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length of time Is et least about 2 days; and wherein said second 
predetermined length of time is at least about k a day. 

W. A process according to any of Claims 55 to 63. wherein said second 
* aldehyde is a glutaraldehydo 

65. A process according to any one of Claims 58 to 61. wherein said 
first preheat temperature Is st least as high as ebout 65 °C. 

»° 66. A process according to any one of Claims 60 to 65. wherein said 
second preheat temperature Is es high as ebbut 65 °C. 

87. A process according to Claim 60 or any claim dependent thereon, 
wherein said sscond preheat tempereture to which said second part of 
eald gel-forming composition is heated la higher than said first preheat 
tempereture to which seid gel-forming composition is heeted. 



15 



20 



88. A process according to Claim 80 or any claim dependent thereon, 
wherein said second period of time for which said second part of said 
gel-forming composition is mslntelned et eeld second preheat temperature 
Is greater thet ssld first period of time for which said gel-forming 
composition Is meinteined at said first preheat temperature. 

86. A process eccording to eny one of Cleims 55 to 68. wherein seid 
28 first preheat tempereture is st leest ebout 

T p - (T f ♦ 60°CJ/ 1.3. 

wherein T p Is said preheated tempereture in °C and T f is said average 
In situ tempereture In °C. 



30 



35 



70. A process according to any one of Claims 55 to 60. wherein seid, 
first part of ssld gel-forming composition will not form s gel In said 
channels without first being preheated to en elevated temperature higher 
than the averege in situ temperature of eald subterrenean formation for 
a period of time sufficient to effect said predetermined first amount 
of partial crosslink ing of the gel-forming composition. 
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71. A process according to any one of Claims 55 to 60. wherein said 
aldehyde is from about 0.01 to less than about of the weight of said 
gel-forming composition. 

72. A process according to any one of Claims 55 to 68. wherein said 
first preheat temperature Is at lesst about 

Tp-[T f + 50°C)/ 1.2 

wherein T p is said preheated temperature In °C« and Tf is said average 
In situ temperature in °C. 

73. A get formed from a gel-forming composition, said gel-forming 
composition comprising a first substance selected from the group consisting 
of polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 
an aldehyde operable for crosslinking with said first substance when said 
gel-forming composition is acidic, and water, the gel being formed by 
heating said gel-forming composition to a first predetermined elevated 
temperature for a first predetermined period of time sufficient to effect 
a predetermined first amount of partial crossi inking of said gel-forming 
composition such that thereafter said gel-forming composition, when 
allowed to cool to a predetermined lower temperature, will form a gel 
at said predetermined lower temperature within a length of time from 
about % a day to no greater than about 5 days, and wherein said gel-forming 
composition will not form a gel within about 5 days at said predetermined 
lower temperature unless said gel-forming composition Ib maintained 
at an elevated temperature for a length of time sufficient to effect at 
least an amount of partial crosslinking as complete as said first 
predetermined first amount of partial crosslinking. 

71. A gel formed from a gel-forming composition comprising a polyvinyl 
alcohol, glutaraldehyde. and water, wherein said water is at (east about 
64% of the weight of said gel-forming composition, by heating said gel- 
formlng composition under acidic conditions to a first predetermined 
tempereture for a first predetermined period of time sufficient to effect 
a predetermined first amount of partial crosslinking of said gel-forming 
composition such that thereafter said gel-formingcomposition, when allowed 
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to cool to a predetermined lower temperature, will form a gel at Bald 
predetermined lower temperature within a length of time no greater than 
about 5 days, and wherein Bald gel-forming composition will not form 
a gel within about 5 days at aald predetermined lower temperature unless 
6 said gel-forming composition Is maintained at an elevated temperature 
for a length of time sufficient to effect at least en amount of partial 
crosalinklng as complete as said predetermined first amount of partial 
crosslinking. 

10 75. A gel according to Claim 73 or Claim 71. wherein said predetermined 
lower temperature Is no greater than about 



T L - 1.3 T E -80°C 



15 where T E and T|_ are said predetermined elevated temperature and said 
predetermined lower temperature* in °C respectively. 

78. A gel according to Claims 73. 74 or 75. wherein said aldehyde Is 
from about 0.01 to less than ebout n of the weight of said gel-forming 
20 composition. 

77. A get according to Claim 73 or 71. wherein said predetermined 
lower temperature is no greater then about 



25 



T L - 1.2 T E -50°C 



where T E and T|_ are said predetermined elevated temperature and said 
predetermined lower temperature, in °C respectively. 



78. A process for retarding the flow of a carbon dloxlde-contefnlng 
substance selected from the group consisting of carbon dioxide, carbonic 
acid, and mixtures thereof, in cerbon dioxide breek-through fingers In 
a subterranean formation, said process comprising: Introducing an effective 
amount of gel-forming composition Into a subterranean formation, said 
gel-forming composition being operable, when contacting carbon dioxide 
break-through fingers containing brine which has absorbed substantial 
amounts of carbon dioxide, to form a gel In said fingers which Is operable 
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for retarding the Now of sold carbon dioxide-containing substance In said 
fingers, said gel-forming composition comprising an equBous solution 
comprising a first substance selected from the group consisting of polyvinyl 
alcohol* a polyvinyl alcohol copolymer, and mixtures thereof, and an amount 
of an aldehyde which (a operable for effecting gelation of said gel-forming 
composition in said fingers efter contacting said gel-forming composition 
with a brine which has absorbed substantial amounts of carbon dioxide, 
but which is inoperable for effecting gelation of said gel-forming 
composition in flow passages containing a brine which has not absorbed 
substantial amounts of carbon dioxide and which is free of effective amounts 
of crosslinking catalyzing substances, wherein, before contacting said 
gel-forming composition with a brine containing substantial amounts of 
absorbed carbon dioxide, said gel-forming composition Is substantially 
free of effective amounts of crosslinking catalyzing substances which 
are operable for promoting substantial crosslinking reactions between 
said first substance and said aldehyde; and allowing said gel-forming 
composition to contact said brine containing substantial amounts of absorbed 
carbon dioxide end to form a qbI in said fingers of said subterranean 
formation which is effective for retarding the flow of said carbon dioxide- 
containing substance in said fingers. 

79. A process according to Claim 76, wherein said amount of said 
aldehyde is not sufficient to cause substantially complete gelation of 
said gel-forming composition while the acidity of said gel-forming 
composition is higher than a pH of 6. 

BO. A process according to Claim 78. wherein said amount of said 
8ldehyde is not sufficient to cause substantially complete gelation of 
said gel-forming composition while the acidity of said gel-forming 
composition is higher than a pH of about 5. 

81. A process according to any one of Claims 78. 70 and 80, further 
comprising preventing the Introduction into said subterranean formation 
of an effective amount of a crosslinking catalyzing substance under 
conditions which are operable for causing substantial mixing of said 
crosslinking catalyzing substance with said gel-forming composition, wherein 
said crosslinking catalyzing substance is not a brine which has absorbed 
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carbon dioxide but Is operable for promoting a crosslinking reaction between 
said f ir6t substance and said aldehyde. 



82. 



A process for retarding the flow of a carbon dioxide-containing 
substance selected from the group consisting of cerbon dioxide, carbonic 
acid, end mixtures thereof. In carbon dioxide breakthrough flngere In a 
subterranean formation and recovering oil therefrom, said process 
comprising: Introducing an effective amount of a gel-forming composition 
being operable, when contacting carbon dioxide break-through ringers 
containing brine which has absorbed substantial amounts of carbon dioxide, 
to form a gel in said fingers which is operable for retarding the flow of 
said carbon dioxide-containing substance In said ringers, said gel-forming 
composition comprising an aqueous solution or polyvinyl alcohol having 
an average molecular weight or at least 30.000 and an amount or 
gluteraldehyde which la operable ror ejecting gelation or said gel-farming 
composition in said ringers after contacting ssld gel-farming composition 
with a brine which has absorbed substantial amounts or carbon dioxide, 
but which is Inoperable far ejecting gelation or said gel-farming 
composition in How passages containing a substance which when contacting 
said gel-farming composition does not ceuse said gel-farming composition 
to have a pH about 8 or lower, wherein said gel-farming composition 
Introduced into said subterranean formation Is at least about 04 weight 
percent water, and wherein, before contacting ssld gel-forming composition 
with a brine containing substantial amounts of absorbed cerbon dioxide, 
sold gel-forming composition is substantially free of amounts of crosslinking 
catalyzing substances which are operable ror promoting a crosslinking 
reaction between ssld polyvinyl alcohol and gluteraldehyde: preventing 
the Introduction Into said subterranean formation or an elective amount 
or crosslinking catalyzing substance under conditions which are operable 
ror causing substantial mixing or said crosslinking cetlyzlng substance 
with said gel-forming composition, wherein ssld crosslinking catalyzing 
substance is not a brine which hes absorbed csrbon dioxide but is operable 
far promoting a crosslinking reaction between said polyvinyl elcohol and 
gluteraldehyde; allowing said gel-forming composition to contact said 
brine containing substantial amounts or absorbed carbon dioxide end to 
farm a gel in sold fingers or said subterrsneen farmetion which is elective 
ror retarding the flow or said cerbon dioxlde-conteinlng substance said 
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fingers; and after said gel is formed in said fingers, recovering oil from 
said subterranean formation* 

B3. A process according to any one of Claims 76 to 62, wherein said 
5 amount of said aldehyde is from about 0.01 to about 2 percent of the weight 
of said gel-forming composition. 

84. A gel-forming composition comprising: a first substance selected 
from the group consisting of polyvinyl alcohol, a polyvinyl alcohol 

10 copolymer, and mixtures thereof, water, and an amount of an aldehyde 
which la operable for forming a gel with said first substance and said water 
whan said gel-forming composition Ib contacted with an effective amount 
of a reservoir brine having effective amounts of absorbed carbon dioxide 
sufficient for catalyzing, in Bald gel-forming composition, a crossllnking 

15 reaction between said first substance and said aldehyde, the amount of 
said aldehyde not being operable for forming a gel when said gel-forming 
composition has a pH of 6 or higher, said gel-forming composition, being 
free of effective amounts of crossllnking catalyzing substances operable 
for promoting a crossllnking reaction In said gel-forming composition 

20 between said first substance and said aldehyde, but which is not operable 
for forming a gel when said pH is 8 or higher. 

65. A gel-forming composition comprising: polyvinyl elcohoi having 
an average molecular weight of at least about 30,000. water, and an amount 

25 of glutaraldehyde which Is operable for forming a gel with said polyvinyl 
alcohol and water whan said gel-forming composition Is contacted with 
an effective amount of a reservoir brine having effective amounts of 
absorbed carbon dioxide sufficient for catalyzing, in said gel-forming 
composition, a crossllnking reaction between said polyvinyl alcohol and 

30 said glutaraldehyde. the amount of glutaraldehyde not being operable 
for forming a gel whan said gel-forming composition has a pH of 6 or 
higher, said gel-forming composition being free of effective amounts 
of crossllnking catalyzing substances operable for promoting a crossllnking 
reaction in said gel-forming composition between said polyvinyl alcohol 

35 and said glutaraldehyde. and wherein said water is at least about 85% 
of the weight of said gel-forming composition. 
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86. A gel-forming composition according to Claim 84 or B5. wherein 
said get-forming composition will not form a get when the acldltiy of 
eatd gel-forming composition has a pH of about 5 or higher. 

87. A gel-forming composition according to Claim 84. 85 or 86, wherein 
Bald glutaraldehyde Is from about 0.01 to ebout 2% of the weight of said 
gel-forming composition. 

8B. A gel formed by reacting: a gel-forming composition comprising 
a first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, and mixtures thereof, water, end en amount 
of an aldehyde which Is operable for forming a gel with said first substance 
and said water when the acidity of said gel-forming composition has a 
sufficiently low pH. but which is not operable for forming e gel when 
said pH ie 6 or higher, with en effective amount of a carbon 
dioxide-containing substance selected from the group consisting of carbon 
dioxide, carbonic acid, and mixtures thereof, sufficient to lower the acidity 
of said gel-forming composition to a pH less than about 6. 

20 80. A gel formed by reacting a gel-forming composition comprising: 
polyvinyl alcohol having an average molecular weight of at least about 
30.000. water, and an amount of glutaraldehyde which Is operable for 
forming a gel with said polyvinyl alcohol and water when the acidity of 
said gal-forming composition has a sufficiently low pH, but which Is not 

25 operable for forming a gel when said pH Is about 6 or higher, and wherein 
said weter is at least about 65 percent of the weight of said gel-forming 
composition, with an effective amount of a reservoir brine having 
substantial amounts of absorbed carbon dioxide sufficient to lower the 
acidity of said gel-forming composition to a pH less then ebout 6. 

30 

go. A gel according to Claim B8 or 80. wherein said amount of aldehyde 
Is not operable for forming a gel when said pH of said gel-forming 
composition .is greater than 5. and wherein said amount of said carbon 
dioxide containing substance is sufficient to lower the acidity of said 
35 gal-forming composition to a pH of 5 or lower. 

01. In a hydrocarbon recovery operation conducted in subterranean 



10 



15 



0188856 

00 



formation In which a loss of steam to nonproductive steam channels has 
occurred, a process for reducing steam loss to nonproductive steam channels 
comprising: Introducing an effective amount of a gel-forming composition 
Into aaid subterranean formation and Into said nonproductive steam 
channels, said gel-forming composition being operable when gelled In 
said nonproductive steam channels, for retarding the flow of steam therein, 
aaid gel-forming composition comprising: en aqueous solution comprising 
a first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, and mixtures thereof, and an amount of 
an aldehyde which is operable for effecting under acidic conditions, 
crossllnking of said first substance and said aldehyde In said nonproductive 
steam channels: and allowing said gel-forming composition, under ecidio 
conditions, to form a gel In said nonproductive steam channels which is 
effective for retarding the flow of steam therein, thereby reducing steam 
loss to said nonproductive steam channels upon resumption of said 
hydrocarbon recovery operation. 

02. In a hydrocarbon recovery operation conducted In a subterranean 
formation in which a loss of steam to nonproductive steam channels has 
occurred, a process for reducing steam loss to nonproductive steam channels 
comprising: Introducing en effective amount of a gel-forming composition 
into said subterranean formation and into said nonproductive steam 
channels, ssid gel-forming composition being operable when gelled In 
said nonproductive steam channels for reterding the flow of steam therein, 
said gel-forming composition comprising: en emount of polyvinyl alcohol 
which la about 1.5 to about 5% of the weight of said gel-forming 
composition, said polyvinyl alcohol having an average molecular weight 
of at least about 30.000. an amount of glutaraldehyde which is about 0.01 
to about M% of the weight of said gal-forming composition, and an amount 
of water which is et least about 64% of the weight of said gel-forming 
composition; end allowing said gel-forming composition, under ecldlo 
conditions, to form a gel In said nonproductive steam channels which is 
effective for reterding the flow of steam therein, thereby reducing steam 
loss to said nonproductive steam channels upon resumption of said 
hydrocarbon recovery operation. 



93. A process according to Claim 91 or 02. further comprising Introducing 
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a foam-forming composition Into said subterranean formation and forming 
a foam in said nonproductive steam channels prior to introducing said 
get-forming composition into said subterranean formation. 

6 04. A process according to Claim 03, further comprising mixing said 
gel-forming composition with a part of said foam in said nonproductive 
steam channels and forming a gel in the interstices of said foam in said 
nonproductive steam channels. 

10 05. A process according to Claim 01. 02. 03 or 04. wherein said 
gel-forming composition la Introduced Into said subterranean formation 
simultaneously with steam. 

00. A process according to Claim 01. 02. 03 or 04, further comprising 
15 discontinuing introducing steam into said subterranean formation while 
introducing said gel-forming composition therein. 

07. A process according to any one of Claims 01 to 08, wherein said 
subterranean formation has an average formation temperature of at least 

20 about 125 D C. 

08. A process according to any one of Claims 01 to 07. wherein the 
said subterranean formation also has en oil-bearing part that has a 
temperature which is substantially lower than the temperature of said 

25 nonproductive steam channels, end the aldehyde Is operable for crossllnkfng 
with said first substance under e predetermined acidic condition when 
said gel-forming composition Is maintained for a predetermined period 
of time at the temperature of said nonproductive steam channels, said 
gel-forming composition not being capable of completely gelling when 

30 at said temperature of the oil-bearing part of said subterranean formation. 

00. A process according to Claim 08. wherein the temperature of said 
nonproductive steam channels Is about 22°C higher than said temperature 
of said oil-bearing part of said subterranean formation. 

35 

100. A gel formed from a gel-forming composition comprising: a first 
substance selected from the group consisting of polyvinyl alcohol, a 
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polyvinyl alcohol copolymer* and mixtures thereof* en amount of an aldehyde 
which is operable for crosslinking with the first substance under 
predetermined acidic conditions when said gel-forming composition Is 
maintained for a predetermined period of time at e predetermined elevated 
temperature. Bald gel-forming composition not being capable of completely 
gelling in less than 5 days when maintained at 8 cooler temperature which 
is substantially lower than said predetermined elevated temperature* 
said gel being formed by heating seid gel-forming composition under said 
predetermined acidic conditions for seid predetermined amount of time 
at said predetermined eleveted temperature. 

101* A gel according to Claim 100* wherein said predetermined elevated 
temperature is at least about 125°C« and wherein said cooler temperature 
is about 22°D lower than said predetermined elevated temperature. 

102. A gel formed by reacting: e first substance selected from the group 
consisting of polyvinyl alcohols, polyvinyl alcohol copolymers* and mixtures 
thereof* a polyvinyl aldehyde, end water. 

103. A gel according to Claim 102. whrein said polyvinyl aldehyde provides 
from about 0.01 to about 4% of the weight of said gel. 

10M. A gel according to Claim 102 or 103. wherein said polyvinyl aldehyde 
is produced by oxidation of a PVA based substance selected from the group 
consisting of polyvinyl alcohols, polyvinyl alcohol copolymers, and mixtures 
thereof. 

105. A gel according to any one of Claims 102 to 104* whrein said 
polyvinyl aldehyde Is produced by oxidation of a part of said first substance. 

106. A gel according to any one of Claims 102 to 105* wherein said 
polyvinyl aldehyde is produced by a process comprising reacting a PVA 
based substance selected from the group consisting of polyvinyl alcohols* 
polyvinyl alcohol copolymers, and mixtures thereof with hydrogen peroxide 
in water at an elevated temperature in the presence of a metallic ion 
catalyst. 
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107. A gel according to Claim I OB. wherein said metallic ion catalyst 
is selected from the group consisting of Cutll). Cullll). Fetll). Fe(lll) and 
mixtures thereof. 

6 10B. A gel according to any one or Claims 102 to 105. wherein said 
polyvinyl aldehyde Is produced by oxidation or a PVA based substance 
selected rrom the group consisting of polyvinyl alcohols, polyvinyl alcohol 
copolymers, and mixtures thereor with periodic acid. 

10 100. A gel according to any one or Claims 102 to 10B, wherein said 
polyvinyl aldehyde has. on the average, from about five to about 500 carbon 
atoms par polyvinyl aldehyde molecule. 

110. A gel according to any one of Claims 102 to 100, wherein said 
15 polyvinyl aldehyde has at least two aldo groups on the averege per molecule 

or polyvinyl eldehyde. 

111. A gel according to any one or Claims 102 to 110, wherein said 
polyvinyl eldehyde has a plurality or hydroxyl groups on the average per 

20 molecule or polyvinyl aldehyde. 

112. A process ror retarding the flow of fluids In high permeability 
channels in a subterranean rormatlon comprising: Introducing an elective 
emount of e gel-forming composition Into said subterranean formation, 
and into said high permeability channels, said gel-forming composition 
being operable when gelled in said high permeability channels for retsrdlng 
the now or fluids therein, said gel-forming composition comprising, an 
aqueous solution comprising a first substance selected from the group 
consisting or polyvinyl alcohols, polyvinyl alcohol copolymers, and mixtures 
thereof, an effective amount of a polyvinyl aldehyde sufficient to form 
a gel with said aqueous solution; and allowing said gsl-formlng composition 
to form a gel In seid high permeability channels which Is effective for 
retarding the flow or fluids therein. 



113. A process according to Claim 112. wherein said gel-forming 
composition Is from about 0.01 to ebout HX by weight polyvinyl eldehyde. 
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im. A process according to Claim 112 or 113* wherein said polyvinyl 
aldehyde is produced by oxidation of a PVA based substance selected from 
the group consisting of polyvinyl alcohols, polyvinyl alcohol copolymers, 
and mixtures thereof. 

5 

115. A process according to Claim 112, 113 or 111, wherein said polyvinyl 
aldehyde is produced by oxidation of a part of said first substance. 

116. A process according to any one of Claims 112 to 115. wherein said 
10 polyvinyl aldehyde is produced by a process comprising reacting a PVA 

substance selected from the group consisting of polyvinyl alcohols, polyvinyl 
alcohol copolymers, and mixtures thereof with hydrogen peroxide in water 
at an elevated temperature in the presence of a metallic Ion cataylst. 

15 117. A process according to Claim 116. wherein said metallic ion catalyst 
is selected from the group consisting of CuCII), Cu[lll).Fe[ll) Fe(lll) and 
mixtures thereof. 

118. A process according to any one of Claims 112 to 115. wherein said 
20 polyvinyl aldehyde is produced by oxidation of a PVA based substance 

selected from the group consisting of polyvinyl alcohols, polyvinyl alcohol 
copolymers, and mixtures thereof with periodic acid. 

119. A process according to any one of Claims 112 to 11B. wherein said 
25 polyvinyl aldehyde has. on the average, from about 5 to about 500 carbon 

atoms per polyvinyl aldehyde molecule. 

120. A process according to any one of Claims 112 to 110. wherein said 
polyvinyl aldehyde has at least two aido groups on the average per molecule 
of polyvinyl aldehyde 

121. A process according to any one of Claims 112 to 120. wherein said 
polyvinyl aldehyde has a plurality of hydroxyl groups on the average per 
molecule of polyvinyl aldehyde. 

122. A process according to any one of Clcims 112 to 121. wherein said 
first substance is polyvinyl alcohol having an average molecular weight 
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of at least about 30,000; wherein said polyvinyl aldehyde has at least two 
aldo groups on the average per molecule of polyvinyl aldehyde; end wherein 
Bald gel-forming composition Is at least about 61% by weight water, 

123. A process according to any one of Claims 112 to 121, wherein said 
polyvinyl aldehyde Is from about 0.2 to about 0.5% by weight of said gel- 
forming composition. 

121. A process for reducing the loss of clrculetion fluids into flow passages 
of a subterranean formation during well drilling, completion, or workover 
operations, said circulation fluids being selected from the group consisting 
of drilling fluids, completion fluids end workover fluids, said process 
comprising: stopping the Injection of the circulation fluid into e wellbore; 
introducing into said flow passages, an effective amount of a gel-forming 
16 composition comprising an aqueous solution comprising a first substance 
selected from the group consisting of a polyvinyl alcohol, a polyvinyl alcohol 
copolymer, and mixtures thereof, an amount of an aldehyde, and an amount 
of a crossllnking catalyzing substance, which in combination with said 
aqueous solution and said aldehyde Is operable for effecting gelation, 
at the ternpereture of said subterranean formation, of said gel-forming 
composition in a first period of time no greater than about 12 minutes 
after being introduced Into said subterrenean formation; and ellowlng 
said gel-forming composition to enter into said flow passages end to form 
a gel therein within said first period of time, thereby reducing the loss 
25 of said circulation fluid upon resuming the well drilling, completion or 
workover operation. 

125. A process according to Claim 12M. wherein the amounts of said 
crossiinklng catalyzing substance and said aldehyde are operable for 

30 effecting gelation, at the temperature of said subterranean formation, 
of said gel-forming composition in a period of time from about zero to 
ebout 10 minutes after being Introduced into said subterranean formation. 

126. A process for reducing the loss of circulation fluids Into flow passages 
35 of a subterranean formation during well drilling, completion or workover 

operations, said circulation Fluids being selected from the group consisting 
of drilling fluids, completion fluids and workover fluids, said process 
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comprising: stopping the injection of a circulation fluid into a welibore; 
Introducing into said welibore. and From said welibore into said flow 
passages* an affective amount of a gel-forming composition comprising 
an aqueous solution of polyvinyl alcohol having en average molecular weight 
of at least 30.000. an amount of glutaraldehyde from about 0.03 to about 
M percent of the weight of said gel-forming composition, and an amount 
of a crossfinking catalyzing substance, which in combination with said 
aqueous solution and glutaraldehyde. Is operable for effecting gelation, 
at the temperature of said subterranean formation, of said gel-forming 
composition in a first period of time no greater than about 12 minutes 
after being introduced Into said subterranean formation, wherein the pH 
of said gel-forming composition Is no greater than about 5.5. and wherein 
said gel-forming composition is at least ebout 61 weight percent water; 
and allowing said gel-forming composition to enter into said flow passages 
and to form a gel therein within said first period of time, thereby reducing 
the loss of said circulation fluid upon resuming well drilling, completion 
or workover operation. 

127. A process according to Claim 126. wherein the amounts of said 
crosslinking catalyzing substance and said glutaraldehyde are operable 
for effecting gelation, at the temperature of said subterranean formation 
of saidd gel-forming composition In a period of time from about zero 
to about 10 minutes after being Introduced Into said subterranean formation. 

128. A process according to any one of Claims 121 to 127. further 
comprising, prior to Introducing said gel-forming composition into said 
welibore. the step of introducing a short term plugging agent into said 
welibore end into said flow passage to plug temporarily said flow passaged 
until said gel-forming composition forms a gel In said flow passages. 

129. A process according to any one of Claims 121 to 12B. further 
comprising the step of introducing cement into said welibore. and from 
said welibore Into said subterranean formation after introducing said 
gel-forming composition into said welibore. 

130. A process according to any one of Claims 124 to 12B, further 
comprising the step of introducing a silicate gel-forming composition 
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into said well bore and from said wellbore Into Bald subterranean formation 
after Introducing said gel-forming composition into said wellbore. 

131. A process according to Claim 130. further comprising the step 
5 of introducing cement Into said wellbore and from said wellbore Into said 

subterranean formation after Introducing said silicate gel-forming 
composition into said wellbore. 

132. A gel formed by reacting. In the presence of an effective amount 
10 of an acidic catalyst, the components of a gel-forming composition 

comprising: a first substance, selected from the group consisting of 
polyvinyl alcohol, a polyvinyl alcohol copolymer, and mixtures thereof, 
an effective amount of an aldehyde, and water, wherein said water provides 
at least about 64% of tha weight of said gel. and wherein said amount 
15 of said acidic catalyst In combination with said amount of said aldehyde 
is operable for effecting gelation, at a predetermined temperature, of 
said gel-forming composition in a period of time no greater than about 
12 minutes after said gel-forming composition is formed. 

20 133. A gel formed by reacting* In the presence of an effective amount 
of an acidic catalyst, the components of a gel-forming composition 
comprising: a polyvinyl alcohol having an average molecular weight or 
at least 30.000. en effective amount of glutaraldehyde. and water, wherein 
said water provides at least about 64% of the weight of said gel. and wherein 

25 said amount of said acidic catalyst in combination with said amount of 
glutaraldehyde is operable for effecting gelation, at a predetermined 
temperature, of said gel-forming composition in a period of time no greater 
than about 12 minutes after said gel-forming composition is formed. 

30 131. A gel according to Claim 132 or 133. wherein the amount of said 
acidic catalyst in said combination is operable for effecting gelation, 
at a predetermined temperature, of said gel-forming composition In e 
period of time from about zero to about 10 minutes after said gel-forming 
composition is formed. 

35 

135. A process for retarding the flow of water in high permeability 
channels in a subterranean formation and increasing the permeability 
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of a low permeability porous structure in said subterranean formation 
comprising: Introducing Into said subterranean formation a predetermined 
amount of a gel-forming composition which when gelled In said high 
permeability channels Is operable for retarding the flow of water therein, 
said gel-forming composition comprising an aqueous solution comprising 
a first substance selected from the group consisting of polyvinyl alcohol, 
a polyvinyl alcohol copolymer, and mixtures thereof, and en effective 
amount of aldehyde sufficient to form a gel with said aqueous solution 
when in the presence of en effective amount of a crosslinking catalyzing 
substance; and allowing said gal-forming composition to form a gel in 
the presence of an effective amount of said crosslinking catalyzing 
substance, in said high permeability channels which is effective for retarding 
the flow of water therein; and after introducing said gel-forming 
composition into said high permeability channels, introducing into said 
subterranean formation an effective amount of an acidizing substance 
which is operable for penetrating said low permeability porous structure 
and dissolving a flow Inhibiting deposit therein; and allowing said acidizing 
substance to dissolve said flow Inhibiting deposits thereby increasing the 
permeability of said low permeability porous structure. 

13B. A process for retarding the flow of water in high permeability 
channels in a subterranean formation and increasing the permeability 
of a low permeability porous structure in said subterranean formation, 
and recovering oil from said subterranean formation, comprising: 
introducing into said subterranean formation a predetermined amount 
of a gel-forming composition which when gelled in said high permeability 
channels is operable for retarding the flow of water therein, said gel- 
forming composition comprising: an aqueous solution of polyvinyl alcohol 
having an average molecular weight of at least about 30.000. and an 
effective amount of glutaraldehyde sufficient to form a gel with said 
8queous solution when in the presence of an effective amount of a 
crosslinking catalyzing substance, wherein said gel-forming composition 
is at least about 84 weight percent water; allowing said gel-forming 
composition to form a gel, in the presence of an effective amount of said 
crosslinking catalyzing substance. In said high permeability channels which 
is effective for retarding the flow of water therein; after forming a gal 
in said high permeability channels, introducing into said subterranean 
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formation a predetermined amount of an acidizing substance, which is 
operable for penetrating said low permeability porous structure and 
dissolving flow Inhibiting deposits therein; and allowing said acidizing 
substance to dissolve said flow inhibiting deposits. 

5 

137. A process according to Clelm 135 or 135. wherein said crosslinklng 
catalyzing substance and said acidizing substance have the same 
composition. 

10 130. A process eccordlng to any one of Claims 135 to 137. wherein the 
aatd crosslinking catalyzing substance is Introduced Into the subterranean 
formation after the Introduction of said gel-forming composition. 



15 



13Q. A process for retarding the flow of fluid in e subterranean formation, 
wherein said subterraneen formation has a low permeability porous structure 
which is at least partly plugged with flow inhibiting deposits which ere 
soluble In ecids. said deposits retarding the flow of fluids In said 
subterranean formation, said process comprising: introducing en effective 
emount of a gel-forming composition Into a subterraneen formation, said 
20 gel-forming composition being operable when gelled In said formation 
for retarding the fiow of fluid therein, said gel-forming composition 
comprising an aqueous Bolution comprising a first substance selected from 
the group consisting of polyvinyl alcohol, a polyvinyl alcohol copolymer, 
end mixtures thereof, end an amount of glutaraidehyde which Is operable 
for promoting crosslinking of said first substance and glutaraidehyde under 
weakly acidic conditions; allowing eaid gel-forming composition to form 
a gel in said subterranean formation which Is effective for retarding the 
flow of fluid therein, and introducing an acid, effeclve for dissolving said 
deposits into said subterranean formation, after forming said gel. 
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1M0. A process according to Claim 130. wherein, other than glutaraidehyde 
and acidic products produced in said gel-forming composition from said 
glutaraidehyde. said gal-forming composition is substantially free of 
effective amounts of crosslinking catalyzing substances which are operable 
for promoting substantial acidic catalysis of a crosslinking reaction between 
said firct substance and gluteroldehyde: end wherein said gel is formed 
In said subterranean formation without contacting said gel-forming 
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composition with any additional effective amounts of a crossiinking 
catalyzing substance, 

I'll. A process for the recovering of oil from a subterranean formation 

5 and retarding the flow of fluid therein, wherein said subterranean formation 
has a tow permeability porous structure which is at least partly plugged 
with flow inhibiting deposits which are soluble in acids, said deposits 
retarding the flow of fluids In said subterranean formation, said process 
comprising: introducing an effective amount of a gel-forming composition 

10 Into an oil-bearing subterrenean formation, said gel-forming composition 
being operable when gelled In said formation for retarding the flow of 
fluid therein, said gel-forming composition comprising an aqueous solution 
of a polyvinyl alcohol having an average molecular weight of at least 
30.000. and an amount of glutaraldehyde which Ib operable for promoting 

15 crossiinking of sold polyvinyl alcohol and glutaraldehyde when seid gel- 
forming composition has a pH from about more than S to less than 7. 
wherein seid amount of said glutaraldehyde is from about 0.15 to about 
4 weight percent of said gel-forming composition, end wherein seid gel- 
forming composition is at least about B4 weight percent water; allowing 

20 said gel-forming composition to form a gel in said subterranean formation 
which la effective for retarding the flow of fluid therein; and introducing 
an actd effective for dissolving said deposits into said subterrenean 
formation after forming said gel. 

25 142. A process according to any one of Claims 23 to 25. 38. 55. 78. 01. 

97. 110. 124. 135 or 130. wherein said first substance Is from about 1.5 

to about 5% of the weight of seid gel-forming composition. 

i 

143. A process according to any one of Claims 14. 23 to 25. 3B. 55. 7B. 
30 01. 97. 110, 124. 135 or 139. wherein said first substance has en average 

molecular weight of at least 30.000. 

144. A process according to any one of Claims 14. 23 to 25. 38. 55. 78. 
91. 97. 110. 124, 135 or 139. wherein said first substance hes en average 

35 molecular weight of at least 10.000. 

145. A process according to any one of Claims 14. 23 to 25, 38, 55, 78, 
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01. 07. HO. 12*1. 135 or 130. wherein said first substance is polyvinyl alcohol. 

1*18. A process according to any one of Claims 26. 30, 64. 82. 128. 136 
or 141. wherein said polyvinyl alcohol Is from about 1.5 to about 5% of 
5 the weight of said gel-forming composition. 

147. A process according to any one of Claims 15. 26. 30. 64. 82. 126. 
138 or 141. wherein said polyvinyl alcohol has an average molecular weight 
of at feast 100.000. 

10 

148. A process according to eny one of Claims 23 to 25. 38. 55. 78. 01. 
07. 110. 124. 135 or 139. wherein said amount of aldehyde is from 0.01 
to about 4% of the weight of said gel-forming composition. 

15 140. A process eccordlng to any one of Claims 23 to 25. 38. 55. 7B. 91, 
07. 1 10. 124. 135 or 139. wherein said aldehyde is glutaraldehyde. 

150. A process according to any one of Claims 38. 64. 82. 138. or 130. 
wherein said amount of glutaraldehyde Is from 0.01 to about 4% of the 

20 weight of said gel-forming composition. 

151. A process according to any one of Claims 23 to 26. 38. 55. 84. 7B. 
01. 07. 110, 124, 135. 139 or 141. wherein said gel-forming composition 
Is at least about 64 weight percent water. 

25 

152. A process according to any one of Claims 23 to 25. 28 to 31. 38, 
55. 64. 78. 82. 91. 97, 110. 124. 128. 135. 130 and 141. wherein said 

gel-forming composition is at least ebout 91 weight percent brine. 

30 153. A gel according to any one of Claims 48. 73. 88. 100, 102 or 132. 
wherein said amount of said first substance is from about 1.5 to ebout 
5% of the weight of said gel-forming composition. 

154. A gol according to any one of Claims 1. 5. 48. 73. BB. 100. 102 
or 132. wherein said first substance has an average molecular weight of 
at feast 30.000. 
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155. A gel according to any one of Claims 1. 5. 48, 73. 00. 100. 102 
or 132, wherein said first Bubstance has an average molecular weight of 
at leaat 100.000. 

15B. A gel according to any one of Claims 1. 5. 48. 73, 88, 100. 102 
or 1 32, wherein said first substance is polyvinyl alcohol. 

157. A gal according to any one of Claims 52, 71. 80 or 133. wherein 
said polyvinyl alcohol is from about 1.5 to about 5% of the weight of said 
gel-forming composition. 

158. A gel according to any one of Claims 1 to 13, 52, 71, 80 or 133. 
wherein said polyvinyl alcohol has an average molecular weight of 100.000. 

150. A gel according to any one of Claims 74. BB. 80 or 133. wherein 
said amount of aldehyde is from about 0.01 to about 4 percent of the weight 
of said gel-forming composition. 

160. A gel according to any one of Claims 1 to 13. 74. 88. 80 or 133. 
wherein said aldehyde is glutaraldehyde. 

101. A gel according to any one of Claims 48. 52. 74. 80 or 133. wherein 
said emount of glutaraldehyde is from about 0.01 to about 4 percent of 
the weight of said gel-forming composition. 

162. A gel according to any one of Claims 48. 73. 74. 88. eg. 100. 102. 
132 and 133. wherein said gel-forming composition is at least about 64 
weight percent v/ater. 

163. A gel according to any one of Claims 4B, 52. 73. 74, 88. 80. 100. 

102. 132 and 133. wherein said gelforming composition is at least about 
01 weight percent brine. 

164. A gel according to any one of Claims 1 to 13. wherein said aldehyde 
Is at least about 50 weight percent glutaraldehyde. 

165. A gel according to any one of Claims 1 to 13. wherein said water 
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has a hardness of at least about 1000 ppm. 

166* A process according to any one of the preceding process claims* 
wherein said aqueous solution is formed from water having a hardness 
of at least about 1000 ppm. 

167. A gel substantially as herein described with reference to any one 
of Examples 1 to 50. 

180. A process substantially as herein described with reference to any 
one of Examples 1 to 50. 

189. Any novel feature or combination of features disclosed herein. 
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